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1.0  INTRODUCTION 

^ Miasilo  Reliability  Considerations 

Materiel  in  the  Army  inventory  must  withstand  long 
periods  of  stoi^ago  and  "launch  ready"  non-activated  or  dor- 
mant time  as  well  as  perform  operationally  in  severe  launch 
and  flight  environments.  In  addition  to  the  stress  of  tem- 
perature soaks  and  aging,  they  must  often  endure  the  abuse  of 
frequent  transportation  and  handling  and  the  climatic  extremes 
of  the  forward  area  battlefield  environment. 

Missiles  spend  the  majority  of  the  time  in  this  non- 
operating environment.  In  newer  missile  systems,  complexity 
is  increasing  significantly,  longer  service  lives  are  being 
required,  and  periodic  maintenance  and  checkouts  are  being 
reduced.  The  combination  of  these  factors  places  great  im- 
portance on  selecting  missile  materiels  which  are  capable  of 
performing  reliably  in  each  of  the  environments. 

The  inclusion  of  storage  reliability  requirements  in  the 
initial  system  specifications  has  also  placed  an  importance 
on  maintaining  non-operating  reliability  prediction  data  for 
evaluating  the  design  and  mechanization  of  new  systems. 

1*2  Storage  Reliability  Research  Program 

An  extensive  effort  is  being  conducted  by  the  U.  S.  Army 
Missile  Research  & Development  Command  to  provide  detailed 
analyses  of  missile  materiel  and  to  generate  reliability 
prediction  data.  A missile  material  reliability  parts  count 
prediction  handbook,  LC-78-1,  has  been  developed  and  provides 
the  current  prediction  data  resulting  from  this  effort. 

This  report  is  an  update  to  report  LC-76-2  dated  May,  1976. 
It  provides  a summary  of  the  analyses  performed  under  the 
storage  reliability  research  program  and  background  information 
for  the  predictions  in  LC-78-1.  Included  are  summaries  of  real 
time  and  test  data,  failure  modes  and  mechanisms,  and  conclusions 
and  recommendations  resulting  from  analysis  of  the  data.  These 
recommendations  include  special  design,  packaging  and  product 
assurance  data  and  information  on  specific  part  types  and  part 
construction. 


For  a nun\bor  of  tho  part  typ«)a«  dotailoU  analysis 
reports  are  also  available.  Those  reports  present  details 
on  part  construction,  failure  modes  and  meohanlsms,  parameter 
drift  and  acjing  trends,  applioatlons,  and  other  oonelderations 
for  the  selection  of  matoriel  and  roliability  prediction  of 
missile  systems. 

The  U.  s.  Army  Missile  Research  & Development  Command  also 
maintains  a Storage  Roliability  Data  Dank.  This  data  bank  con- 
sists of  a computer! 2ad  data  base  with  generic  part  storage 
reliability  data  and  a storage  reliability  report  library  con- 
taining available  research  and  test  reports  of  non-operating 
reliability  research  efforts. 

For  the  operational  data  contained  in  this  report,  the  user 
should  refer  to  the  following  sources:  M1L-HDBX-217B,  Military 
Standardisation  Handbook,  Roliability  Prediction  of  Elcotronio 
Equipment;  Reliability  Analysis  Center  (RAC)  Miorooiroult 
Failure  Rates;  RADC-TR-69-458,  Revision  to  the  Nonelectronic 
Reliability  Handbook;  and  the  Government-Industry  Data  Exchange 
Program  (GIDEP)  Summaries  of  Failure  Rate  Data. 

1 • 3 Missile  Environments 

A missile  system  may  be  subjected  to  various  modes  of 
transportation  and  handling,  temperature  soaks,  climatic 
extremes,  and  activated  test  time  and  "launch  ready"  time 
in  addition  to  a controlled  storage  environment.  Some  studies 
have  been  performed  on  missile  systems  to  measure  these  en- 
vironments, A summary  of  several  studies  is  presented  in 
Report  BR-7811,  "The  Environmental  Conditions  Experienced  by 
Rockets  and  Missiles  in  Storage,  Transit  and  Operations" 
prepared  by  the  Raytheon  Company,  dated  December  1973, 

In  this  report,  skin  temperatures  of  missiles  in  con- 
tainers were  recorded  in  dump  (or  open)  storage  at  a maximum 
of  165"F  (74°C)  and  a minimum  of  -44*?  (-42®C) . In  non- 
earth covered  bunkers  temperatures  have  been  measured  at  a 
maximum  of  116®F  (47°C)  to  a minimum  of  -Sl^F  (-35°C).  In 
earth  covered  bunkers,  temperatures  have  been  measured  at 
a maximum  of  103°F  {39®C)  to  a minimum  of  23®F  (-S^C) . 


1-2 


AeQ€!U}£'ati3n  oxtrom^a  during  tranaportAtion  have  baen 
maaaurad  for  track « sail#  aircraft  and  ahi)^  transportation. 

Up  to  7 Q'a  at  300  hartK  have  boon  moaaurod  on  trucks ? 1 G 
at  300  horti  by  rail;  7 G's  at  1100  horti  on  aircraft;  and 
1 Q at  70  horta  on  shipboard. 

Maximum  shook  atroaaca  for  truck  transportation  have 
boon  measured  at  10  Q'a  and  by  rail  at  300  G's. 

Although  field  data  dooa  not  rocord  those  levels,  whore 
availablo,  the  type  and  approximate  character  of  storage  and 
transportation  are  identified  and  used  to  classify  the  devices. 
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1.4 


System  I.evo.l  Ana ly air. 

The  primary  effort  in  tho  Storage  Reliability  Research 
Program  is  on  analysis  of  the  non-operating  characteristics 
of  parts.  In  the  data  collection  effort#  however#  some  data 
has  been  made  available  on  system  characteristics. 

This  data  indicates  that  a reliability  prediction  for 
the  system  based  on  part  level  data  will  not  accurately  pro- 
ject maintenance  actions  if  the  missile  is  checked  and  main- 
tained periodically.  Factors  contributing  to  this  disparity 
include  tost  equipment  reliability#  design  problems#  and 
general  handling  problems.  In  many  cases#  these  problems  are 
assigned  to  the  system  and  not  reflected  in  the  part  level 
analysis . 

In  general#  a factor  of  2 should  be  multiplied  by  the 
device  failure  rate  to  obtain  the  maintenance  rate.  Three 
system  examples  are  described  below s 

1.4.1  System  A 

For  system  A#  a check  of  874  missiles  in  the  field  in- 
dicates 142  failed  missiles.  These  failed  missiles  were  taken 
to  a maintenance  facility.  At  the  maintenance  facility#  no 
fault  could  be  found  in  51  of  the  missiles.  Two  missiles 
faults  were  corx'ected  by  adjustments.  This  left  89  failures 
which  could  be  attributed  to  part  failure.  The  parts  were 
failure  analyzed  and  the  analysis  indicated  19  failures  to 
be  a result  of  electrical  overstress.  These  failures  were 
designated  design  problems. 

Therefore  only  70  (49%)  of  the  original  142  failures 
were  designated  as  non-operating  part  failures. 

1.4.2  System  B 

For  system  B,  26  missile  failures  were  analyzed.  Of 
these  no  fault  was  found  in  2 missiles;  adjustments  were  re- 
quired for  2;  external  electrical  overstress  or  hanoxing 
damage  was  found  in  10;  a circuit  design  problem  was  assigned 
to  1,  and  component  failures  were  assigned  to  11. 

1.4.3  Gyro  Assemblies 

An  analysis  of  gyro  assembly  returns  indicated  that  two 
tliirds  of  the  returns  were  attributed  to  design  defects, 
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mishandling,  conditions  outside  design  requirements,  and  to 
erroneous  attribution  of  system  problems. 

Therefore,  only  33  percent  of  the  returns  were  designated 
as  non-operating  part  failures, 

1 , 5 Limitations  of  Reliability  Prediction 

Practical  limitations  are  placed  in  any  reliability 
analysis  effort  in  gathering  and  analyzing  data.  Field 
data  is  generated  at  various  levels  of  detail  and  reported  in 
varying  manners.  Often  data  on  environments,  applications, 
part  classes  and  part  construction  are  not  available.  Even 
more  often,  failure  analyses  are  non-existant . Data  on  low 
use  devices  and  new  technology  devices  is  also  difficult  to 
obtain.  Finally  in  the  storage  environment,  the  very  low 
occurrence  of  failures  in  many  devices  requires  extensive 
storage  time  to  generate  any  meaningful  statistics. 

These  difficulties  lead  to  prediction  of  conservative  or 
pessimistic  failure  rates.  The  user  may  review  the  existing 
data  in  the  backup  analyses  reports  in  any  case  where  design 
or  program  decision  is  necessary. 

^ ^ Life  Cycle  Reliability  Prediction  Modeling 

Developing  missile  reliability  predictions  requires 
several  tasks.  The  first  tasks  include  defining  the  system, 
its  mission,  environments  and  life  cycle  operation  or  de- 
ployment scenario. 

The  system  and  mission  definitions  provide  the  basis 
for  constructing  reliability  success  models.  The  modeling 
can  incorporate  reliability  block  diagrams,  truth  tables 
and  logic  diagrams.  Descriptions  of  these  methods  are  not 
included  here  but  can  be  studied  in  detail  in  MIL-HDBK-217B 
or  other  texts  listed  in  the  bibliography. 

After  the  reliability  success  modeling  is  completed, 
reliability  life  cycle  prediction  modeling  for  each  block 
or  unit  in  the  success  model  is  performed  based  on  the  defi- 
nitions of  the  system  environment  and  deployment  scenario. 

This  reliability  life  cycle  modeling  is  based  on  a "wooden 


1-5 


. • •-  •.*«-'•**>■■■' 


round"  concept  in  order  to  assess  the  missile's  capability 
of  performing  in  a no -maintenance  environment.  The  general 
equation  for  this  modeling  is: 


" ^T/H  ^ ^STOR  ^ ^TEST  ^ \r/D  ^ \r/0  X R^^  X R^, 


where ; 

R is  the  unit's  life  cycle  reliability 
LC 

R^yjj  is  the  unit's  reliability  during  handling  and 
transportation 

Kc-mr.D  is  the  reliability  during  storage 
R^Est  unit's  reliability  during  check  out  and 

test 

is  the  unit's  reliability  during  dormant  launch 
ready  time 

is  the  unit's  reliability  during  operational 
(>10%  electronic  stress)  launch  ready  time 


LR/D 


LR/0 


R^  is  the  unit's  reliability  during  powered  launch 

Lt 


Rr 


and  flight 

is  the  unit's  reliability  during  unpowered  flight 


The  extent  of  the  data  to  date  does  not  provide  a cap- 
ability of  separately  estimating  the  reliability  of  trans- 
portation and  storage  for  missile  materiel.  Also  data  has 
indicated  no  difference  between  dormant  (>0  and  <10%  electri- 
cal stress)  and  non-operating  time.  Therefore/  the  general 
equation  can  be  simplified  as  follows: 


“ «N0'W  ==  VH'  * 

where:  is  the  unit's  reliability  during  transportation 

and  handling,  storage  and  dormant  time  (non- 
operating time) 

tjjQ  is  the  sura  of  all  non-opereiting  and  dormant  time 

Rq  is  the  unit's  reliability  during  checkout,  test 
or  system  exercise  during  which  components  have 
electrical  power  applied  (operating) . 
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is  tho  sum  of  all  operating  time  excluding  launch 
and  flight 

is  the  unit's  reliability  during  powered  launch 
aiici  flight  (Propulsion  System  Active) 

tj^  is  the  powered  launch  and  flight  time 

Rj,  is  the  unit's  reliability  during  unpowered  flight 
' tp  is  the  unpowered  flight  time 

t is  the  sum  of  t..-,  t_  and  t_ 

NO  O ' L F 

The  values  Rq/  Rp  are  calculated  using  several 

methods.  The  primary  method  is  to  assume  exponential  distri- 
butions as  follows : 

Rof^o)  = 

Rj  (tj^)  « 

Rp(tp)  = cT^F^ 

The  failure  rates  x^  and  x^  are  calculated  from 

the  models  in  the  following  sections.  is  calculated  from 

the  non-operating  failure  rate  models.  The  remaining  failure 
rates  arc*  calculated  from  the  operational  failure  rate  models 
using  tho  appropriate  environmental  adjustment  factors.  Each 
prediction  model  is  based  on  part  stress  factors  which  may  in- 
clude part  quality,  complexity,  construction,  derating,  and  other 
characteristics  of  the  device. 

Other  methods  for  calculating  the  reliability  include 
wearout  or  aging  reliability  models  and  cyclic  or  one  shot 
reliability  models.  Por  each  of  these  cases,  the  device  sec- 
tion wilj  specify  the  method  tor  calculating  the  reliability. 
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1 . 7 Reliability  Predictions  During  Early  Design 
Frequently  during  early  design  phases#  reliability  pre- 
dictions are  required  with  an  insufficient  system  definition 
to  utilize  the  stress  level  failure  rate  models.  Therefore, 
a "parts  count"  prediction  technique  has  been  prepared.  It 
provides  average  base  failure  rates  for  various  part  types 
and  provides  K factors  for  various  phases  of  the  system  de- 
ployment scenario  to  generate  a first  estimate  of  system  re- 
liability. This  prediction  is  presented  in  Reixjrt  LC-78-1. 

1 . 8 Summary  of  Report  Contents 

The  report  is  divided  into  five  volumes  which  break  out 
major  component  or  part  classifications;  Volume  I,  Electrical 
and  Electronic  Devices;  Volume  II,  Electromechanical  Devices; 
Volume  III,  Hydraulic  and  Pneumatic  Devices;  Volume  IV, 

Ordnance  Devices;  and  Volume  V,  Optical  and  Electro  Optical 
Devices.  Table  1-1  provides  a listing  of  the  major  part  types 
included  in  each  volume. 

1 . 9 Extent  of  Volume  I Update 

This  report  updates  report  LC-76-2,  Volume  I dated  May  1976. 
An  additional  134  billion  part  hours  and  613  failures  have  been 
analyzed.  All  non-operating  failure  rates  have  been  updated. 

In  most  cases  the  extent  of  the  failure  rate  update  was  minor. 
Table  1-2  summarizes  the  major  changes  that  occurred  in  the 
analyses. 
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TAIU.K  1-1 . RKPOKT  CONTUNTR 


Volume  I i;lcct.r  Lea  I and  Klee  t ironic  Dev  ice 
See  L i on 


2 . 0 M Icrooloc iron j c Devices 

3.0  DiscreLo  Semiconductor  Devices 

4.0  Klcctronic  Vacuum  Tubes 

5.0  Resistors 

6.0  Capacitors 

7.0  Inductive  Devices 

8.0  Crystals 

9.0  Miscellaneous  Electrical  Devices 

10.0  Connectors  and  Connections 

11.0  Printed  Wiring  Boards 


Volume  II  Electromechanical  Devices 


.Sect  ion 


2.0  Gyros 

3.0  Accelerometers 

4 . 0 Sw.i  tches 

5.0  Relays 

6.0  i: loci romechanical  Rotating  Devices 

7.0  Miscol 1 aonous  Electromechanical  Devices 


Volume  lU  Hydraulic  and  Pneumatic  Devices 


Sccti^n_ 

2.0 

Accumula  tors 

3.0 

Actuators 

4.0 

Batteries 

5.0 

Bear! ngs 

G .0 

Comp  ix’ssors 

7.0 

Cylinders 

8.0 

Filters 

9.0 

1'  i 1 1 i n g s / Co  n n c'  c t i o n 

10.0 

Gaskets 

11.0 

0-Rings 

12.0 

Pistons 

1 3 . 0 

I’umps 

14.0 

Regulators 

1 5 . 0 

Rose  rvoi rs 

1 (. . 0 

Va Ives 

Volvinic  IV  Ordnance  Dt;v.icos 


JuM't  if)n 

7.(1  Selid  I’rope  1 l.ant  Motors 
! , 0 l(|nitei.s  and  Ha  fe  Arm  Dcvicirs 
/J  , (1  Sol  id  I’rtipe  1 1 anl  Gar.  Generators 
'i  . (I  Mi:u:.  Ordnance  Devices 


Volniiic  V Opiical  and  t;li'i'li-o  Optical  Devicros 


Detailed  Re pi  . 
Number  & Date 


LC-78-IC1,  i/va 
LC-78-VT1,  1/78 


LC-7S-EM1,  2/78 
LC-78-EM2,  2/7b 
LC-78-KM4,  2/78 
DC- 7 8 -EM 3 , 2/V8 


LC-76-1IP2,  5/76 
LC-7G-HP3,  5/7 G 
LC-78-B1,  2/78 


LC-76-11P4,  5/7G 


LC-7G-HP1,  5/7G 


LC-7G-aRl,  5/7 G 
DC-7G-OR2,  5/7 C 
LC-7G-OU3,  5/7 G 


1-5 


4J 

o 

in 

in 

K4  -H 

u 

in 

IH 

•r4 

0 q 

0 

i-H 

(-4 

in 

q in  01 

q 

01 

W 

o 

•1' 

V4 

at 

•H  413  r-4 

U 

q 

0) 

v\ 

(11 

at 

o; 

u H q 

m 

in 

01 

4J 

t~4 

i\1 

l 

■y 

at  04  0.1 

0) 

>4 

Q 

01 

q 

(1) 

y 

at 

Oi  ‘H 

01 

>•4 

B 

01 

1* 

N 

r-4 

0)  va  u 

U 

q 

c5 

to 

u 

.0 

U 01 

r-4 

0 

0) 

to 

Cv. 

Vl  in 

C4 

(0 

U > 

0) 

V4 

> 

V4 

Ct. 

•H  4) 

•H 

•rl 

01  0) 

01 

0 

3 

o in 

V4 

V 

M 

O Oiia 

q 

0 

q 

1 to 

0 

at  0 

0 

(X) 

•r4  (Vi 

•r4 

q 

■r4 

q t-« 

IM 

U 

in  -H 

4J  in 

> 

>1  04  e 

a: 

0) 

01 

O < 

0 

m Q 

at 

3 

in 

T) 

[Vl 

S 

U) 

vl) 

q 

ii) 

0)  q 

14  r-t 

M 

(13 

01 

tn 

U1 

Ul 

M 0) 

q 3 

0 

0 0 (0 

o 

0) 

> 

c 

c 

q Iv1 

nj 

(11 

'H 

U i' 

<tl  t4 

>♦•4 

u-4  q q 

in 

(4^4 

l4 

<3 

0 

•H 

M A 

0) 

(D 

in 

0)  >0 

'O 

c 

u 

B 

•H 

u 

V4 

V4 

c 

•y  [< 

0.  V4 

0) 

0)  0)  01 

O 

0) 

01 

q 

0) 

in  q 

u 

O 

ifl 

o 

3 0) 

in 

in  in  E-4 

q 

in 

03 

cl 

U 

in 

W M 

c 

(1) 

u 

q V4 

:« 

ai 

01  (0 

•H 

Ol 

0 

0) 

ol 

o < 

>■4 

M 

a 

,C  o 

V4  O 

0) 

0)  0)  Tl 

o 

01 

U 

•r4 

in 

01 

>-4 

ir.  c. 

0 

Ov-H 

0 04 

V4 

M u -i-t 

m 

u 

0 

q 

1-4 

0 

•J; 

c 

i*' 

.■*’ 

•H  is 

•n 

u 

U O r4 

04 

u 

•m 

U 

S 

u 

c 

2 

•H 

o 

o 

rH 

(fl  -H 

0) 

C 0)  0 

01 

0) 

(g 

01 

0) 

0) 

•H 

CJ 

5^ 

<N 

in 

Id 

in  va 

S K 

Q 

M Q in 

u 

Q 

s 

in 

2 

o 

s 

Q 

U 

Q 

w q 

< 

Q < 

O*  H 

D < 

Q 
M 


ID 

q 

M 

-j; 

r^ 


VO  CO 

(N  r-l 


C/l 

a: 

D 

O 

W 


CO 


^ CD 


CN  fvj 


»A  iH  *H 


CO 


04 

t-( 

Ci4 

o 

O 

o 

o 

o 

in 

o 

o 

1 

o 

o 

o 

o 

(N 

o 

i 

04 

o 

o 

o 

o 

(N 

o 

F-4 

ol 

00 

CO 

o 

o 

2 

vx 

q 

in 

M 

o 

• 

4-4 

X 

X 

q 

u 

o 

q 

01 

M 

04 

• o. 

CM  << 

I 


o 

O 

o 

o 

o 

o 

O 

m 

o 

o 

o 

o 

o 

o 

-«5S* 

00 

q 

m 

p- 

cvj 

q 

q 

q 

Ll 

l\J 

s 


r— 4 (ll 

[0  u 


q 

tvl 

M 

in 

q 

u 

01 

0) 

01 

rjl 

M 

O 

- 

V4 

q 

H 

■rH 

U 

0 

3 

in 

CO 

rC 

M 

4J 

E-< 

M 

Q 

-U 

01 

O 

•H 

tn 

T; 

q 

r-H 

01 

01 

3 

in 

0 

M 

C 

'O 

O 

•r4 

<: 

.Q 

ai 

il 

U 

in 

0 

is 

•.  4 

03 

lU 

iC 

H 

o 

> 

ol 

Ifl 

U cn 

•^^  C 


V4 

la 

•iH 

q 

10 

V-4 

in 

U 

in 

c 

>-4 

in 

in 

01 

V4 

0 

o 

V4 

in 

01 

r-H 

0 

•r4 

q 

O 

< — 4 

•H 

w 

in 

q 

q 

T3 

•H 

q 

01 

0) 

O 

U 

01 

u 

U 

q 

0) 

• 

u 

01 

0) 

q 

05 

3 

in 

q 

o 

•r-< 

C 

C 

C 

a 

•y 

is 

q 

in 

> 

C 

C 

•H 

01 

C 

V4 

01 

•r4 

0) 

0 

0 

u 

M 

u 

q 

*q 

Q 

U 

U 

q 

vl 


1 < 

4 ■ ' 

i 

o 

o 

o 

o 

o 

o 

o 

o 

o 

■ 

• 

• 

• 

• 

• 

« 

• 

• 

• 

• 

111 
in ; 

iNJ 

m 

»n 

VO 

00 

CF\ 

10 

11 

l-io 


2 • 0 Microolectronic  Devices  and  Interconnections 

Microelectronic  devices  have  and  continue  to  undergo  a 
rapid  development  in  design,  materials,  processes,  screening  and 
qualification  procedures.  Data  applicable  to  one  device  may  be 
significantly  different  from  another  device  performing  a similar 
function.  This  is  a result  of  materials,  processes,  etc.,  and  is 
particularly  significant  in  the  hybrid  area.  Based  on  the  failure 
mechanism  analysis,  a detailed  categorization  of  these  devices 
will  be  necessary  to  assess  assurance  procedures  to  improve  the 
storage  reliability. 

2 . 1 Monolithic  Microelectronic  Storage  Reliability  Analysis 

Monolithic  refers  to  a one  chip  device.  They  can  be  of  the 
bipolar  or  MOS  (metal  oxide  semiconductor)  variety.  The  term 
bipolar  refers  to  the  two  polarities  of  carriers  that  exist  in  the 
device.  Both  holes  and  electrons  are  essential  for  operation. 

MOS  devices  are  "unipolar"  since  only  one  type  of  a carrier  is 
used.  For  P channel  MOS,  the  carriers  are  "holes"  while. electrons 
are  the  carriers  for  n-channel  MOS. 

Another  distinction  arises  from  the  differing  location  of 
active  regions.  Bipolar  devices  are  "bulk"  devices.  The  active 
region  is  the  base,  several  microns  beneath  the  surface  between 
the  enunittor  and  the  collector,  MOS  devices  are  "surface  effect" 
devices.  Their  active  region  consists  of  a channel  that  is  in*- 
Uucod  at  the  silioon/silicon-dioxide  interface. 

Rocauao  of  the  difference  in  construction  and  operation  be- 
tween bipolar  and  MOS  devices,  they  are  treated  separately  in 
this  analysis, 

Microelootronio  device  reliability  depends  primarily  upon 
construction)  process  control,  screening,  qualification)  and  use 
oharacterlatica.  A review  of  the  literature  was  performed  to 
identify  these  char.icteristlos  which  are  listed  in  Table  2,1-1, 

For  conveivlenoe,  device  construction  was  broken  into  seven 
ma;)ar  areas t hulk  materiel  and  diffuaicu^,  oxido)  metallisation) 
glassivac ion)  die  bonding)  chip  connections)  and  packaging  charac- 
teristics, Fach  of  these  areas  identified  in  Figure  2,1-1  were 
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FIGURE  2.1 
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1.  TYPICAL  PLANAR  MICROELECTRONIC 
DEVICE  CROSS  SECTION 


analyzed  for  failure  moohanisms  which  would  be  applicable  in  a 
miasile's  use  environment  from  acceptance  into  the  Inventory 
to  firing. 


TAHLE  2.1-1.  DEVICE  CLASSIFICATION 


CONSTRUCTION 

Die  Proportloa 
Oxide 

Metallization 
Glassivation 
Die  Bond 
Chip  Connection 
Package 

DEVICE  LEVEL  PRODUCT  ASSURANCE 

MIL-STD-883  Quality  Level 
Screens 

Quality  Conformance  Inspection 
Process  Controls 


ASSEMBLY  AND  SYSTEM  LEVEL  PRODUCT  ASSURANCE  TESTS 

COMPLEXITY 

LOGIC  TYPE 

USE  ENVIRONMENT 

Transportation  and  Handling 

Temperature 

Humidity 

Storage  Container  & Location 
Field  Test  Duration  & Frequency 
Derating 


2.1.1  Failure  Mechanisms 


The  mechanisms  of  failures  affecting  semiconductors  are 
generally  the  same  regardless  of  the  device  type,  however,  the 
rate  of  occurrence  varies  between  types.  For  this  reason,  the 
failure  mechanism  discussion  applies  to  all  of  the  monolithic 
device  discussed  in  the  succeeding  sections. 

The  failure  mechanisms  contributing  to  microelectronic  de- 
vice failures  appear  to  be  identical  whether  the  device  is 
operational  or  in  storage.  The  difference  in  the  two  environments 
is  the  frequency  in  which  individual  failure  mechanisms  occur.  In 
general  the  mechani ms  can  be  grouped  into  three  categories: 
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1)  M'^cUvsniama  for  which  failure  ooourrenoe  is  independent 
of  the  application  environment. 

2)  Mechaniams  for  which  failure  ooourrenoe  is  dependent  on 
the  application  environment,  and 

3)  Mechanisms  for  which  the  failure  occurrence  is  time- 
related  and  environment  dependent. 

The  mechanisms  in  group  1 are  simply  uhdetected  defects 
which  passed  through  the  screens  such  as  improper  diffusions, 
oxide  pinholes,  etc.  The  rate  of  occurrence  of  these  mechanisms 
would  be  the  same,  whether  the  device  was  applied  in  an  opex'ational 
or  a storage  environment.  The  only  difference  would  be  the  time  at 
which  the  mechanism  was  detected. 

The  mechanisms  in  group  2 are  defects  which  do  not  fail  the 
device  immediately.  For  example,  bond  and  metallization  defects 
which  progress  to  failure  due  to  temperature  or  mechanical  stress. 

The  third  group  of  mechanisms  are  similar  to  group  2,  ex- 
cept they  are  more  time  dependent.  Examples  are  metal  migration, 
intermetallic  compound  formations,  corrosion,  etc. 

The  mechanisms  in  groups  2 and  3 are  dependent  on  environment 
and  occur  at  different  rates  depending  on  whether  the  device  is 
operational  or  dormant.  In  most  cases,  the  storage  environment 
is  more  benign  than  the  operating  environment. 

In  considering  both  operational  and  storage  failure  rates, 
the  complexity  of  the  device  is  important.  The  greater  number  of 
circuits  on  a given  substrate  area  increases  the  temperature  at 
which  the  devices  are  subjected  and  also  requires  greater  process 
control  in  the  production.  The  diffusions,  metallization  patterns 
and  interconnections  are  very  critical  in  a high  density  device. 

In  the  operational  environment,  the  rate  of  occurrence  of 
particular  failure  mechanisms  has  differed  between  Bipolar  Digital 
devices  and  Bipolar  Linear  and  MOS  devices.  The  major  problem 
areas  in  digital  devices  have  been  contamination  and  oxide,  wire 
bond  and  packaging  defects.  For  Linear  and  MOS  devices,  contamina 
tion  and  metallization,  die  mount  and  oxide  defects  have  been  the 
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tho  major  problem  ardas.  Linear  and  MOS  device  failure  rates 
are  higher  than  digital  devices  because  of  the  circuit  sensitivity 
to  surface,  metallization  and  oxide  defects. 

Conversely,  in  the  storage  environment,  analysis  has  indi- 
cated that  the  rate  of  occurrence  of  particular  failure  mechanisms 
is  roughly  the  same  between  bipolar  digital  and  linear  devices. 
Insufficient  data  is  available  to  make  a storage  assessment  of 
MOS  devices. 

Table  2.1-2  lists  each  failure  mechanism  with  its  acceleration 
environment.  These  acceleration  environments  are  the  surrounding 
conditions  which  can  speed  the  defect  or  degradation  to  the  point 
of  failure. 

2. 1.1.1  Bulk  Materiel  and  Diffusion  Characteristics 

The  primary  reliability  considerations  in  an  operational 
environment  associated  with  bulk  phenomena  are  those  which  govern 
temperature  of  the  device  during  operation.  Devices  are  generally 
rated  in  terms  of  maximum  allowable  power  dissipation.  This  power 
coupled  with  various  thermal  resistances  and  ambient  temperature, 
determines  the  junction  temperature  of  the  device.  Steps  must  be 
taken  to  maintain  a controlled  and  uniform  temperature  since 
device  degradation  and  failure  modes,  in  most  cases,  are  accelerated 
by  increased  temperature. 

For  most  devices,  the  power  requirements  are  not  excessive 
and  junction  temperatures  are  controlled  by  using  suitable  heat- 
sink packages.  For  high-power  devices,  wafer  design  may  include 
junction-temperature  control  considerations  to  prevent  localized 
high  currents  and  resultant  "hot  spot"  formation. 

Bulk  defects  account  for  only  a minor  portion  of  the  oper- 
ational and  storage  failures Primary  areas  of  concern  include 
dislocations  (crystal  lattice  anomalies) ; impurity  diffusions  and 
precipitations;  resistivity  gradients;  and  cracks  in  the  bulk 
materiel.  These  defects  usually  result  during  crystal  preparation 
and  are  accelerated  by  mechanical,  nuclear  and  thermal  stresses. 

The  failure  modes  resulting  from  bulk  defects  include  devia- 
tions in  voltage  breakdown  and  other  electrical  characteristics ; 
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secondary  breakdown  or  uncontrolled  p-n-p-n  switching;  or  opens 
or  shorts  in  the  subsequent  metallization. 

Diffusion  defects  account  for  approximately  5 to  15%  of 
operational  and  storage  failures.  Other  than  those  diffusion 
problems  associated  with  bulk  materiel  defects,  the  primary  area 
of  concern  is  the  diffusion  process  itself.  These  include  mask 
alignment;  contamination;  mask  defects;  cracks  in  the  oxide  layer; 
and  improper  doping  profiles.  Diffusions  that  are  due  to  misalign- 
ment of  masks  reduce  the  base  and  emitter  or  base  and  collector 
junction  spacings . Other  faults  include  discontinuous  isolation 
diffusions  and  odd  shapes  or  edges  of  diffusions.  Diffusion  de- 
fects are  primarily  accelerated  to  failure  by  thermal  cycling  and 
high  temperature.  Principle  failure  modes  resulting  from  diffusion 
defects  include  deviations  in  device  characteristics  and  shorts 
between  the  emitter  and  base. 

2. 1.1. 2 Oxide  Considerations 

Junction  passivation  of  silicon  devices  is  generally  accom- 
plished by  using  thermally  grown  silicon  dioxide  (Si02).  Other 
devices  use  phosphorous  pentoxide  (^2^5^  over  the  Si02  layer.  Beam 
Lead  Sealed  Junction  (BLSJ)  devices  utilize  a layer  of  silicon 
nitride  (Si^N^)  glass  deposited  over  the  grown  Si02 . Both  P2O5 
and  Si^N^  overcoatings  have  been  found  to  improve  the  surface  sta- 
bility of  bipolar  devices.  These  materials  act  as  gettering  agents 
for  sodium  ions,  thus  making  the  contamination  far  less  mobile. 

The  stability  of  the  structural  and  electrical  properties  of  the 
oxide  play  an  important  role  in  determining  the  electrical  charac- 
teristics and  reliability  of  the  passivated  device. 

Oxide  defects  are  significant  contributors  to  device  failures. 
Approximately  5 to  50%  of  operational  failures  are  attributed  to 
these  defects.  Current  data  on  non-operating  failures  indicates 
that  approximately  5 to  35%  of  storage  failures  are  attributable  to 
oxide  defects.  Primary  areas  of  concern  are  pinholes,  cracks,  thin 
oxide  areas,  and  oxide  contamination. 
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Pinholes  can  be  caused  by  faulty  oxide  growth,  a damaged 
mask,  poor  photo  resist  or  an  undercut  by  the  etching  process. 

They  vary  in  depth  and  in  the  worst  case,  expose  the  silicon 
to  the  metallized  interconnections.  Where  the  pinhole  or 
metallization  does  not  extend  completely  to  the  surface  of  the 
silicon,  a time-dependent  migration  or  low  voltage  breakdown 
mechanism  may  occur.  Where  the  oxide  is  overcoated  with  a second 
layer,  the  frequency  of  pinhole  defects  decreases. 

Oxide  cracks  occur  as  a result  of  the  mismatch  in  the  thermal 
expansion  rate  of  silicon  and  silicon  dioxide.  Diffusion  of 
metal  to  the  silicon  is  then  possible.  Thin  oxide  and  other  oxide 
dif f iciencies  cause  electrical  breakdown  in  the  surface  passiva- 
tion from  the  metal  conductor  to  component  areas  in  the  silicon. 

All  of  these  defects  lead  to  increased  current  leakages  or  shorts 
from  the  metallization  to  diffusion  areas  or  substrate. 

Ionic  impurities  in  the  oxide  may  cause  inversion  layers, 
channeling,  and  other  related  phenomena  creating  lower  threshold 
voltage.  Ionic  contamination  is  generally  a significant  contribu- 
tor to  total  oxide  charge.  The  ions  are  usually  mobile  and,  by 
drifting  under  the  influence  of  an  electric  field,  can  cause 
appreciable  device  parameter  instability.  Silicon  nitride  has  been 
shown  to  be  an  effective  barrier  to  sodium  migration.  In  Beam 
Lead  Sealed  Junction  (BLSJ)  devices,  the  silicon  nitride  seals  the 
devices  from  sodium  and  since  the  platinum  silicide  and  titanium 
metals  also  offer  very  low  mobility  to  the  alkaline  ions,  the  BLSJ 
is  inert  to  sodium. 

Inversion  and  channeling  phenomenon  occurs  only  with  an 
electric  field  present.  Bipolar  linear  and  MOS  devices  are 
affected  by  this  phenomenon  greater  than  bipolar  digital  devices. 

2. 1.1, 3 Metallization  Considerations 

A rather  large  number  of  metallization  systems  have  been  used 
on  monolithic  devices.  The  primary  metals  used  have  been  aluminum, 
molybdenum-gold,  and  titanium-platinum-gold. 
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Failures  related  to  metallization  defects  range  from  "/ 
to  26%  in  operational  devices  and  current  storage  data  indicates 
approximately  15%  of  the  failures  related  to  metallization. 

Aluminum  metallization  defects  result  from  manufacturing 
deficiencies  and  also  from  mechanisms  inherent  to  the  metal  system. 

Processing  deficiencies  which  subsequently  result  in  device 
failures  include  thin  metal  layers,  poor  metal-to-oxide  adhesion 
due  to  oil  or  other  impurities  on  the  wafer,  undercutting  of  A1 
during  etching  of  the  metallization  pattern,  bridging  of  A1  between 
conductors  due  to  unremoved  photoresist,  smears  and  scratches  in 
conductor  stripes,  misalignment  of  masks,  insufficient  deposition 
at  oxide  steps,  oxide  steps  too  steep,  incomplete  removal  of 
oxide,  etc. 

These  defects  are  accelerated  to  failure  primarily  by  thermal 
stresses  and  result  in  open  and  shorted  conductors . 

Mechanisms  inherent  to  the  aluminum  metal  system  include 
electromigra.  ion  formation,  aluininum  silicon  eutectic,  and  inter- 
metallic  compound  formations  with  gold. 

Many  of  the  failure  mechanisms  observed  in  molybdenum-gold 
metallization  systems  can  be  attributed  to  processing  problems. 

These  include  failures  due  to  unsatisfactory  adhesion  of  molybdenum 
to  the  silicon  dioxide  and  of  the  gold  layer  to  the  molybdenum 
layer.  These  can  be  attributed  to  contamination  of  the  surface 
and  oxidation  of  the  molybdenum  layer  prior  to  deposition  of  the  gold. 
Other  processing  problems  include:  molybdenum  undercutting  during 
etching;  scratches  which  expose  the  molybdenum  to  oxidation  and  sub- 
sequent opens,  and  corrosion  of  molybdenum  from  impurities  intro- 
duced in  the  processing. 

Gold-silicon  eutectics  can  occur  if  pinholes  exist  in  the 
molybdenum  layer. 

Failure  mechanism  data  on  Platinum  Silicide-Titanium- 
Platinum-Gold  metallization  systems  is  just  becoming  available. 
Improved  or  eliminated  failure  modes  include  wire  bond  defects, 
alkali  ion  contamination,  metallization  corrosion,  and  aluminum 
migration.  Possible  failure  mechanisms  identified  for  these 
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devices  are  ail  due  to  px'ocessing  deficiencies.  They  include  pinholes 
in  the  silicon  nitride;  thin  silicon  nitride;  shorted  metallization; 
platinum  migration  into  the  silicon;  gold  or  titanium  migration 
resulting  from  thin  platinum;  and  contamination. 

2. 1.1. 4 Glassivation  Considerations 

Both  silicon  nitride  and  phosphosilicate  glass  overcoatings 
have  been  found  to  greatly  enhance  the  reliability  of  bipolar 
digital  devices.  These  glassivation  materials  act  as  gettering 
agents  for  sodium  ions  and  when  deposited  over  the  total  surface, 
including  the  metallization,  the  materiel  provides  an  excellent- 
protection  against  metallization  scratches  and  loose  particle 
shorts . 

Inversion  and  increased  metal  migration  are  two  failure 
mechanisms  that  have  been  reported  caused  by  glassivation.  These 
new  mechanisms  are  not  fully  understood  but  some  causes  have  been 
postulated. 

The  induced  inversion  formation  may  result  from  some  defects 
or  contamination  in  the  oxide  layer  which  allow  high  fields  to 
accumulate  electronic  charge  over  the  underlying  silicon.  A poor 
interface  between  the  oxide  and  glass  then  allows  lateral  charge 
movement  along  the  interface.  The  lateral  charge  movement  can 
induce  inversion  extensive  enough  to  form  a conducting  channel  which 
can  cause  device  instability. 

The  increased  metal  migration  is  not  as  well  understood  but 
appears  to  be  caused  by  the  high  pressure  on  the  metal  between 
the  thermal  and  deposited  glasses.  Generally,  the  metal  migration 
is  associated  with  damage  to  the  glass.  Both  aluminum  and  gold 
migration  have  occurred  through  the  damaged  glass  to  the  adjacent 
conductor  causing  device  failure. 

A third  possible  failure  mechanism  has  been  discussed  where 
condensation  from  any  moisture  in  a package  tends  to  concentrate  on 
a crack  in  the  glassivation,  normally  on  the  metal  strips.  This 
tends  to  increase  the  susceptibility  for  metal  corrosion  along  the 
crack . 
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2 . 1 . 1 . 5 Die  Bond  Considerations 

Die  bonds  provide  mechanical  support;  in  most  cases, 
electrical  contact;  and  also  provide  the  principle  path  by  which 
heat  flows  out  of  the  silicon  chip.  Three  techniques  are  in 
general  use  for  attaching  semiconductor  devices  to  the  package 
substrate:  alloy  mount,  frit  mount  and  epoxy  mount. 

Low  strength  chip-to-header  bonds  have  been  reported  to 
result  in  approximately  2-7%  of  device  failures,  in  both  opera- 
tional and  storage  environments. 

The  failure  mechanisms  include  diffusion  of  th^  gold  into  the 
silicon  producing  void  formations;  brittle  frit  mounts  resulting 
from  impurities  in  the  glass  or  improper  firing  cycles  used  for 
devitrification;  mechanical  stresses  in  epoxies  where  the  tem- 
perature goes  through  the  glass-transition  temperature  of  the 
epoxy,  and  outgassing  of  organic  materiel  and  separation  of  metal 
particles  due  to  incomplete  curing  of  the  epoxy. 

2 . 1 . 1 . 6 Chip  Connection  Considerations 

Device  connections  are  created  by  connecting  wire  leads  to 
the  device  package;  or  through  the  use  of  beam  lead  or  aluminum 
bump  techniques.  Vfire  bonding  is  accomplished  primarily  by 
thermocompression  or  by  ultrasonic  bonding  techniques. 

Wire  bond  defects  are  reported  to  account  for  15  to  45% 
of  all  device  failures  in  an  operational  environment.  Storage 
or  non-operating  data  currently  indicates  from  19  to  76%  of  all 
device  failures  are  bond  related. 

The  principle  failure  mechanisms  are  process  deficiencies 
including  underbonding , overbonding,  misaligned  bonds,  contaminated 
bonding  pads  or  wire,  and  wire  nicks,  cuts  or  abrasions. 

Thermocompression  bonding  of  aluminum  wires  has  a history 
of  cracks  at  the  heel  of  the  bond,  which  later  failed  under  power 
cycling. 

The  gold  wire  bonding  to  aluminum  metallization  has  been  a 
major  concern  in  microelectronic  devices.  Intermetallic  compound 
formations  between  these  two  metals  combined  with  the  formation 
of  voids  in  the-  aluminum  from  the  Kirkendall  effect  create  high 
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resistance  or  weakened  and  brittle  bonds.  Formation  of  the  com- 
pounds and  voids  is  accelerated  by  thermal  stresses.  Design  and 
processing  criteria  have  been  developed  to  minimize  the  occurrence 
of  these  formations.  They  include  controlling  the  purity  of  the 
gold  and  providing  thinner  metallization  at  the  bonding  pad. 

The  aluminum  wire  bond  to  the  gold  header  post  has  not 
been  a significant  contributor  to  device  failures  and  is  attributed 
to  two  factors:  1)  the  ratio  of  aluminum  to  gold  is  small,  and 
2)  the  bonds  are  not  exposed  to  the  same  temperature  as  the  gold 
wire  to  aluminum  bonds  on  the  chip  during  operation. 

Failure  mechanism  data  on  beam  lead  sealed  junction  device 
bonding  is  limited.  Processing  deficiencies  would  be  expected  to 
be  the  primary  problem,  however,  these  are  significantly  reduces 
since  the  chip  connection  is  made  in  the  beam  forming  process 
which  leaves  only  bonding  of  the  beams  to  the  header.  All  of  the 
bonds  of  a single  device  are  made  simultaneously. 

2. 1.1. 7 Package  Considerations 

Bipolar  digital  devices  are  packaged  in  a variety  of  materials 
and  configurations.  These  materiels  include:  metal,  ceramic, 
glass,  metal  ceramic,  epoxy,  phenolic  and  other  plastics.  Package 
configurations  include  cans,  f latpacks , inline  and  dual  inline. 

Device  failures  attributed  to  package  defects  have  been 
reported  from  8 to  28%  of  operational  failures.  In  many  cases  of 
failure  reports , the  resulting  contamination  and  corrosion  is 
reported  and  not  the  seal  defect.  Special  test  programs  on  devices 
have  shown  hermiticity  problems  to  be  substantial , 

Failure  mechanisms  besides  the  seal  leaks  are  fractured 
packages  due  to  improper  handling,  loose  solder  balls  formed  in 
sealing  the  package  which  later  short  conductors,  current  leakage 
between  leads  from  formation  of  lead  from  lead  oxide  in  the  glass, 
broken  or  burnt  external  leads  and  improper  marking.  All  of  these 
are  process  defects. 
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TABLE  2.1-2.  MONOLITHIC  DEVICE  FAILURE  MECHANISMS 
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TA3LE  2.1-2.  MONOLITHIC  DEVICE  PAILU?^  MECHANISMS 
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2 . 1 . 1 . 8 Devioe  Level  Product  Assurance 

The  manufacturing  controls  and  procurement  methods  for  mili- 
tary equipment  are  normally  determined  by  the  criticality  of  the 
device  in  the  system  and  the  uniqueness  of  the  device.  Procure- 
ment specifications  determine,  to  a significant  degree,  the 
reliability  of  the  device  in  the  field. 

For  standard  devices  -in  high  volume  production  with  establisi.ci 
reliability,  the  parts  may  be  procured  according  to  the  specifica- 
tions in  MIL-STD-883  and  MIL-M-38510  or  equivalent  manufacturer 
specifications.  The  three  quality  levels  defined  in  the  military 
specifications  are: 

Class  ’’A''  - Devices  intended  for  use  where  maintenance 
and  replacement  are  extremely  difficult  or  impossible,  and  re- 
liability is  imperative. 

Class  "B”  - Devices  intended  for  use  where  maintenance 
and  replacement  can  be  performed,  but  are  difficult  and  expensive, 
and  where  reliability  is  imperative. 

Class  "C"  - Devices  intended  for  use  where  maintenance 
and  replacement  can  be  readily  accomplished  and  down  time  is  not 
a critical  factor. 

A Class  ”D"  level  has  also  been  defined  in  this  report  to 
identify  the  manufacturer's  commercial  quality  level. 
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2,1  • 2 Monolithic  Integrated  Circiitits  Non-Operational  Prediction 
hfo'dcl'a'"' 

The  general  failure  rate  model  for  monolithic  integrated 
circuits  is: 

Xp  - II(J  (Iij  + Hu  Cj)  x lo'® 


where;  « device  non-operating  failure  rate 
=>  learning  adjustment  factor 
Ilg  « quality  adjustment  factor 

« temperature  failure  rate  factor 
C2  * environment  failure  rate  factor 
11^  « temperature  adjustment  factor 
llg  = environmental  adjustment  factor 


The  values  for  each  of  these  parameters  are  given  in  Figures 
2,1-2  and  2,1-3  for  Monolithic  Bipolar  SSI/MSI  Digital  and 
Linear  Devices,  These  devices  have  complexities  less  than  100  gates 
(approximately  400  transistors).  The  model  in  Figure  2,1-2  applies 
to  devices  containing  aluminum  metallization  with  aluminum  inter- 
connecting wires.  The  model  in  Figure  2.I-3  applies  to  devices 'con- 
taining aluminum  metallization  with  gold  interconnecting  wires.  A 
description  of  the  parameters  is  given  in  the  following  sections. 

No  distinction  is  made  in  logic  type  or  between  complexity 
levels  within  the  SSI/MSI  complexity  range. 

At  present  insufficient  data  is  available  for  devices  with 
all  gold  systems  including  beam  lead  systems.  Some  data  has  shown 
that  gold  beam  lead  systems  have  a lower  failure  rate  than  the 
devices  modeled.  The  model  in  Figure  2.1-2  can  be  usdd  las  .a. con- 
servative prediction. 

Data  is  insufficient  at  this  time  to  develop  models  for 
Bipolar  LSI,  MOS  and  Memory  devices. 


2.1. 2.1  Learning  Adjustment  Factor, 

t 

adjusts  the  nvsdel  for  production  conditions  and  controls 
the  conditions  as  defined  in  the  figures  for  each  device  type; 
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2 . 1 . 2 . 2 Quality  Adjustment  Factor, 

Hq  accounts  for  effects  of  different  quality  levels  as 
defined  in  MIL-M-38510  and  MIL-STD-883. 

2.1*2. 3 Temperature  Adjustment  Factor,  iitp 

Ilip  adjusts  the  model  for  temperature  acceleration  factors. 

Two  models  are  applicable: 

is  applicable  to  Bipolar  Digital  and  Linear 
devices  with  aluminum  metallization  and 
aluminum  interconnecting  wires. 

= 0.1  e^ 

where  x = -6608  ( ip  4.^ ^-^'3 

n,p2  is  applicable  to  Bipolar  Digital  and  Linear 
devices  with  aluminum  metallization  arid  gold 
interconnecting  wires . 
n,p2  = 0.1 

where  x - -10502  ( - 555-) 

In  and  n^2  above,  T is  the  ambient  storage  temperature 
(*C)  and  e is  natural  logarithm  base,  2.718, 

2.1. 2.4  Environmental  Adjustment  Factor,  n_ 

^ 

llg  accounts  for  the  influence  of  environmental  factors  other 
than  temperature.  Refer  to  the  environment  description  in  the 
Appendix. 

2.1. 2.5  Temperature  Factor, 

is  a constant  and  is  the  temperature  component  of  the  base 
failure  rate.  Values  are  given  in  the  figures. 
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2 •1.2.6  Mechanical  Stress  Factor,  C2 

Cj  is  a constant  and  Is  the  mechanical  stress  component 
of  the  base  failure  rate.  Values  are  given  in  the  figures. 
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2.1.3  Non-oporational  Failure  Rate  Data 
2 . 1 . 3 . 1 Dipolar  Digital  and  Linear  SSl/MSI  Devices 

The  data  collection  effort  for  monolithic  bipolar  digital 
and  linear  devices  has  gathered  approximately  20  billion  hours 
of  storage  or  non-operating  field  data  with  270  device  failures 
reported.  In  addition,  247  million  plus  hours  of  high  tempera- 
ture storage  life  data  was  collected  with  711  device  failures 
reported . 

Ten  data  sources  were  used,  two  of  which  were  reliability 
data  banks,  with  the  others  representing  specific  programs. 

Field  data  included  storage  of  missiles,  warheads,  satellite 
standby  data  and  special  parts  testing  programs. 

Storage  data  collected  is  summarized  in  Tables  2.1-3  throii  ih 
2.1-7.  This  data  is  organized  in  accordance  to  the  mctallizai-.ion 
and  interconnection  systems. 

A first  characterization  of  the  storage  or  non-operating 
data  identified  a definite  correlation  between  the  device 
failure  rate  and  the  device  quality  and  temperature.  No  sig- 
nificant difference  was  measured  between  the  non-operating  data 
for  digital  and  linear  devices.  Insufficient  data  was  available 
to  determine  the  effect  of  a learning  factor  or  an  application 
environment  factor.  The  data  on  device  complexity  v/as  analyzed 
but  no  significant  differences  were  noted  between  the  storage 
failure  rate  and  the  complexity  of  the  device  for  SSI/MSI  devices. 

During  the  first  characterization  of  the  non-operating 
data,  the  failure  experience  indicated  a sufficient  difference 
between  devices  with  aluminum  metallization/aluminum  wire  systems 
and  aluminum  metallization/gold  wire  systems  to  require  segre- 
gation of  the  data  sets.  This  led  to  the  segregation  of  data 
sets  for  other  metallization/interconnection  systems  even  thovigh 
sufficient  d^lta  was  not  available  to  completely  characterize 
them . 

Tlio  initial  data  characterization  divided  the  data  into 
several  data  sets  with  the  prime  category  being  metallization/ 
interconnection  sy;; terns,  the  first  subcategory  being  quality 
level,  and  tlie  second  subcategory  being  ambient  temperature. 
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Following  this  characterization,  several  other  potential 
reliability  factors  were  investigated.  The  results  of  the 
investigations  indicated  that  no  significant  reliability 
difference  was  apparent  in  the  data  for  storage  duration, 
logic  type,  or  package  type.  The  data  was  insufficient  to 
determine  any  factors  for  the  die  attach  method  or  glassivation . 

Failure  mechanisms  for  28  of  the  372  storage  life  test 
failures  of  aluminum  metallization/aluminum  wire  devices  were 
reported.  In  the  aluminum  metallization/gold  wire  case, 
failure  mechanisms  for  155  of  the  243  storage  life  test  failures 
were  reported.  The  distributions  of  failure  mechanisms  for  both 
aluminum  and  gold  wire  systems  are  shown  in  Table  2.1-8. 

Compared  to  the  bipolar  digital  device  data,  considerably 
less  data  is  available  on  the  bipolar  linear  devices.  A com- 
parison of  these  two  data  sets  indicated  a close  correlation. 
Insufficient  data  points  were  available  on  devices  with  aluminum 
metallization/gold  wire  systems  to  estimate  a correlation. 

A test  of  significance  was  performed  to  determine  whether 
there  was  any  significant  difference  in  the  linear  and  digital 
data  points.  The  test  indicated  no  significant  difference  and 
a decision  was  made  to  use  the  same  model  for  the  digital  and 
linear  data  points. 

Following  the  decision  to  use  one  prediction  model,  data 
on  storage  duration,  device  function,  package  type,  die  attach 
method  and  glassivation  was  analyzed  for  digital  and  linear 
devices  combined  to  determine  potential  reliability  problems. 

The  results  of  the  investigation  indicated  that  no  significant 
reliability  difference  was  apparent  for  these  factors. 

Where  identified,  tV\e  real  time  data  collected  represented 
up  to  eight  years  storage  durations.  Tables  '2,1-9  through 
2.1-18  give  the  data  by  source  and  details  are  presented  below. 

2 . 1 . 3 . 1 . 1 Source  A Data 

The  data  under  Source  A includes  over  9.5  billion  storage 
hours  for  digital  devices  and  770  million  storage  hours  for 
linear  devices  representing  numerous  missile  and  space  programs. 
Twenty  one  failure  were  reported  including  lifted  ball  bonds 
due  to  intermetallics  and  Kirkcndall  voiding,  metal  corrosion. 
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crackod  dies,  oxide  defects  and  contamination.  The  data  repre- 
sents Class  A,  B,  and  C quality  level  devices.  No  details  were 
available  on  storage  environments  or  durations. 

2.1. 3. 1.2  Source  B Data 

The  storage  data  under  Source  B actually  represents  standby 
data  in  an  orbiting  satellite  environment.  No  failures  were 
indicated  in  30  million  hours.  The  devices  were  classified  as 
approximately  Class  A devices  since  it  was  a space  application. 

2 . 1 . 3 . 1 . 3 Source  D Data 

The  storage  data  under  Source  D represents  lot  samples  placed 
in  storage  for  three  to  four  years.  These  devices  have  been 
tested  approximately  every  6 months  and  critical  parameters  have 
been  recorded.  The  storage  has  been  in  an  environmentally  con- 
trolled facility.  Evaluation  of  parameter  changes  indicated  no 
significant  trends.  Out  of  350  digital  devices  and  210  linear 
devices,  no  failures  have  been  reported. 

s 

2.1. 3. 1.4  Source  G Data 

The  storage  data  under  Source  G includes  field  data  from 
four  missile  programs  and  one  laboratory  environment  test.  The 
date  of  the  data  sources  range  from  1967  thru  1970  and  represents 
the  only  identifiable  data  on  monolithic  digital  devices  with 
aluminum  metallization  and  gold  wires  (Al/Au)  and  on  devices  with 
gold  metallization  and  gold  wires  (Au/Au) . 

Out  of  2.7  billion  part  storage  hours,  83  failures  were 
reported  for  the  Al/Au  devices.  No  failure  modes  or  mechanisms 
were  provided  other  than  the  fact  that  the  failures  were 
catastrophic  and  not  drift  related.  More  recent  data  is 
available  on  Al/Au  hybrid  devices  showing  the  same  relatively 
high  failure  rate  with  wire  bonds  being  the  major  problem 
(see  Section  2,3). 

Out  of  290  million  part  storage  hours,  two  failures 
were  reported  for  Al/Al  devices  but  no  failure  details  were 
available . 

No  failures  were  reported  in  18  million  part  storage 
hours  for  the  Au/Au  devices. 


2.1-29 


storage  durations  for  Al/Al  devices  indicated  2,4  years, 
and  for  Au/Au  devices,  4 years.  No  storage  durations  were 
available  on  the  Al/Au  devices. 

2 . 1 . 3 . 1 . 5 Source  H Data 

The  storage  data  under  Source  H represents  a special 
parts  procurement  and  storage  program.  Parts  are  procured 
to  the  highest  specification  available  from  the  vendor.  The 
procuring  agency  then  performs  quality  sampling  on  each  lot 
including  construction  analysis  and  puts  the  device  through 
an  extensive  rescreening  approximating  MIL-STD--883  Class  A 
requirements.  Under  this  procedure,  47,340  devices  have 
been  rejected  and  sent  back  to  vendors  out  of  324,319  parts 
procured  or  an  average  of  14.6%  rejects. 

The  devices  passing  the  screens  are  placed  in  airtight 
storage  tanks  under  controlled  temperature  and  humidity  con- 
ditions. The  interior  atmosphere  of  the  tank  contains  nitro- 
gen . 

Samples  from  each  lot  are  stored  separately  under  iden- 
tical conditions  as  control  groups.  The  control  groups  are 
tested  approximately  three  times  a year.  Parameter  trends 
are  evaluated  from  these  tests.  The  main  portion  of  each  lot 
is  not  tested  until  required  for  program  use  or  if  control 
group  parameters  are  drifting  significantly.  At  this  time, 
no  significant  drifts  have  been  indicated. 

Currently  ].18,467  monolithic  digital  & linear  bipolar 
devices  have  been  stored  and  tested.  Ages  of  these  devices  range 
from  one  month  to  8 years  with  an  average  of  1.5  years.  118 
failures  have  been  reported  in  these  devices,  however  no  failure 
analysis  is  available.  One  group  of  devices  was  removed  from  the 
analysis . 

The  data  group  removed  was  not  considered  representative 
of  the  general  part  class  since  all  failures  in  the  devices 
were  related  to  a specific  vendor's  process.  The  group  con- 
sisted of  12,774  devices  stored  for  an  average  time  of  1.3 


2.1-30 


years.  Thirty  one  devicoa  were  reported  failed  after  the 
storage  period.  Failure  mechanisms  were  identical  for  all 
devices.  The  clearance  of  the  interconnect  wire  to  the 
chip  was  insufficient.  After  storage  the  wire  contacted  the 
chip 'periphery  and  shorted  the  device. 

2 . 1 . 3 . 1 « 6 Source  I Data 

The  storage  data  under  Source  I represents  a special 
test  program  in  1974-75  to  evaluate  dormancy  and  cycling 
effects  on  microcircuits. 

One  thousand  IC*a  wore  tested  for  18  months  with  the 
following  test  profiles 

Group  Profile 

1 160  units,  2 days  off,  1 hour  on 

2 160  units,  4 days  off,  1 hour  on 

3 160  units,  7 days  off,  1 hour  on 

4 160  units,  9 days  off,  1 hour  on 

5 160  units,  12  days  off,  1 hour  on 

6 200  units,  control  group,  continuously  operating 
No  failures  wore  recorded  in  the  SSI/MSI  TTL  devices 

tested . 

2. 1.3. 1.7  Source  J Data 

The  storage  data  under  Source  J represents  field  data 
from  two  warhead  programs.  Devices  were  procured  under  cap- 
tive line  provisions  and  are  approximately  equivalent  to 
MIL-STD-883  Class  A specifications.  Of  the  504  million  part 
storage  hours,  no  failures  were  reported.  Storage  durations 
ranged  up  to  two  years. 

2. 1.3. 1.8  Source  K Data 

The  storage  data  under  Source  K represents  SSI  RTL 
devices  stored  in  an  environmentally  controlled  area  for 
eight  years  (1967  thru  1975) . Three  failures  were  recorded 
in  the  10,027  devices  all  of  which  were  analyzed  as  resulting 
from  defects  in  the  oxide. 
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ParamettH.'  vinaJyi.u,a  was  performed  on  2573  of  those  devices 
and  compared  with  t'hoao  measurements  in  1967  to  attempt  to 
identify  any  trends  over  long  term  storage.  The  analysis 
concluded:  "Parameter  drift  trends  proved  negligible  in 

the  resistance  and  transistor  leakage  characteristics. 

Transistor  gain  was  the  only  parameter  that  exhibited  a sig- 
nificant loss  of  performance  during  the  eight  years  of  storage, 
This  is  the  one  parameter  that  may  have  to  be  controlled  to 
obtain  a 10-20  year  shelf  life  on  these  RTIi  devices." 

Of  the  parts  which  showed  degradation,  the  most  signifi- 
cant performance  losses  were  in  those  devices  whose  original 
performance  was  more  than  one  standard  deviation  below  the 
1967  mean.  The  loss  of  performance  was  significant  enough 
to  class  24  parts  as  "incipient  failures."  There  are  parts 
whose  performance  has  degraded  near  specification  limits  and 
could  fall  out  of  spec  within  the  next  few  years  of  storage. 

The  shelf-life  drift  observed  was  attributed  to  one 
or  a combination  of  following  mechanisms: 

1)  Changes  in  the  gold  doping  process,  which  is  used 

to  control  the  "parasitic  transistor"  condition,  as  well  as  , 
to  increase  part  switching  speed. 

2)  Growth  of  a "parasitic  transistor"  condition  due  to 
migration  of  contaminants,  or  to  changes  in  gold  doping  process. 

2 . 1 . 3 . 1 . y M 1 s s i 1 ll  Data 

Missj.lo  H data  represents  field  data  from  a recent  army 
missile  program  fielded  in  the  1970 's.  The  major  item  in  which 
the  devices  were  assembled  was  subjected  to  operating  times  at 
high  and  low  temperatures,  shock  and  vibration.  The  missiles 
were  transported  overseas  and  stored  for  various  lengths  of 
time.  No  tests  ware  run  until  the  missiles  were  removed  from 
storage  and  returned  to  the  states.  Storage  durations  varied 
from  6 months  to  (>  years  with  an  average  time  of  1.8  years. 
Storage  environments  included  cannister  time  in  a controlled 
environment,  cannister  time  subject  to  outsicic  elements  and 
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missile  time  on  pallets  and  on  launchers.  A number  of  samples 
were  also  run  throiu.ih  road  tests  under  field  conditions. 

Four  failures  have  been  reported  in  1.9  billion  part 
storage  hours.  No  analysis  of  the  failures  is  available. 

The  devices  include  SSI  and  MSI  TTL  & SSI  Linear  devices 
and  were  procured  to  better  than  MIL-STD-883  Class  C specifica- 
tions. The  user  performed  sample  construction  analysis  on  the 
devices  and  screened  the  parts  to  better  than  MIL-STD-883  Class 
B specifications. 

2.1.3.1.10  Missile  I Data 

Missile  I data  consists  of  2,070  missiles  stored  for 
periods  from  1 month  to  40  months  for  an  average  storage  periL'd 
of  14  months.  Approximately  80  percent  of  the  missiles  were 
stored  in  the  U.  S.  depots  while  the  remainder  were  stored  at 
various  bases  around  the  country. 

Eight  failures  have  been  reported  in  1.6  billion  part 
storage  hours.  No  analysis  of  the  failures  is  available.  The 
devices  include  SSI  and  MSI  TTL  and  SSI  linear  devices  which 
were  procured  to  MIL-STD-883  Class  B specifications. 

2 . 1 . 3 . 2 MOS  SST/MSI  Devices 

The  data  collected  on  MOS  SSI/MSI  Devices  did  not  include 
any  field  data  but  consisted  of  approximately  4 million  hours  of 
high  temperature  storage  life  data  with  81  device  failures  re- 
ported. 

Storage  data  collected  is  summarized  in  Table  2. 1.-19. 

Data  is  given  by  metallization/interconnection  Systems,  quality 
level,  storage  temperature  and  complexity. 

Failure  modes  or  mechanisms  for  35  of  the  storage  life 
test  failures  were  reported.  These  modes  and  mechanisms  are 
listed  in  Table  2.1-20. 

2.1.3. 3 Bipol ar  & MOS  LSI  Devices 

All  data  ivailable  on  Bipolar  and  MOS  LSI  Devices  was  in- 
cluded in  the  memory  .section.  This  included  complex  (larger 
than  dual  8-bit)  static  and  dynamic  shift  registers.  Smaller 
shift  registers  wore  included  in  the  Digital  SSI/MSI  models. 
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TAUUi:  2.1-3.  OUnTAl./I.INEAR 

NON-OPERATING  DATA 

FOR  DEVICES 

WITH 

ALUMINUM  METALLIZATION/ALUMINUM 

WIRE 

QUALITY  AMBIKNT 

FUNCTION 

STORAGE  f 

NUMBER 

FAILURE  RATE 

LEVEL  TEMPERATURE 

HOURS  X lO’’ 

FAILED 

IN  FITS* 

Class  A 25-30"C 

Dlqi tal 

5,861.4 

5 

.85 

Linear 

- 

- 

Combi  nod 

5,861.4 

5 

.85 

125"C 

Divfihal 

.113 

0 

(<8850. ) 

Li  near 

- 

- 

- 

Combined 

.113 

0 

{<8850. ) 

150®C 

nigital 

- 

M 

Linear 

. 114 

0 

(<8772.) 

Combinod 

. 114 

0 

(<8772.) 

Class  B 25-30®C 

Digital 

4,653.5 

13 

2.79 

Linear 

2,018.8 

9 

4.46 

Combined 

6,672.3 

22 

3.30 

12  5 “C 

Digital 

.176 

0 

(<5682. ) 

1 linear 

- 

- 

Combined 

.176 

0 

(<5682. ) 

150°C 

Digital 

4.046 

1 

247. 

Linear 

.139 

0 

(<7194. ) 

Combined 

4.185 

1 

239. 

Class  C 25-30°C 

Digital 

2,103. 

8 

3.8 

Linear 

- 

- 

•• 

Combined 

2,103. 

8 

3.8 

125°C 

Digital 

. 400 

0 

(<2500. ) 

Iiinear 

- 

- 

•• 

Combined 

.400 

0 

(<2500. ) 

150°C 

Digi ta  1 

71.567 

26 

363. 

Li noa  r 

10.039 

4 

398  . 

Combi  nod 

81.606 

30 

368. 

17  5 "C 

D i gi  ta  1 

- 

- 

- 

1,  i neai' 

6.289 

8 

1272. 

Combined 

6.289 

8 

1272. 

180°C 

Digital 

. 110 

0 

(<9092 . ) 

Linear 

7.959 

0 

(<126. ) 

Combined 

8.069 

0 

(<124. ) 

200°C 

Digi tal 

5.954 

16 

2687. 

Li  near 

3.034 

1 

330. 

Combined 

8.988 

17 

1891 

250°C 

Digital 

3.100 

23 

7420. 

Linear 

.338 

3 

8876. 

Combined 

3.438 

26 

7564  . 

300  °C 

Digital 

3.656 

59 

16136. 

Linear 

.292 

3 

10274. 

Cc^mbined 

3.949 

62 

15701. 

350  "C 

Digital 

2.152 

148 

68760. 

li  i near 

.069 

4 

58309. 

C'ombi  ned 

2.221 

152 

68438. 

* Failures  per  billion  hours. 
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TAUl.K  (ContiiHuu.) 


QUALITY 

LliVliL 

AMBIENT 

TEMPERATURE 

FUNCTION 

Class  D 

2D-30‘'C 

Digital 

Linear 

Combined 

100  “C 

Digital 

Linear 

Combined 

125»C 

Digital 

Linear 

Combined 

150<‘C 

Digital 

Linear 

Combined 

IVS^C 

Digital 

Linear 

Combined 

ISO^C 

Digital 

Linear 

Combined 

200^0 

Digital 

Linear 

Combined 

300°C 

Digital 

Linear 

Combined 

350®C 

Digital 

Linear 

Combined 

STOl^AGE  , 
HOURS  X 10® 

NUMBER 

FAILED 

FAILURE  RATI 
IN  FITS 

4,61 

0 

(<217. ) 

4.61 

0 

(<217. ) 

.01 

0 

(<100000  . ) 

.01 

0 

(<100000.  ) 

2.953 

5 

1693  . 

2.953 

5 

169:;. 

53.702 

46 

8 5 7 . 

15.496 

19 

1276  . 

69.198 

65 

9 39. 

1.643 

9 

5479  . 

1.643 

9 

5 4 7 V . 

.205 

0 

(<4878  . ) 

.205 

0 

(<4878  . ) 

6.472 

3 

463  . 

6.472 

3 

463  . 

.788 

43 

54358. 

.131 

9 

68702. 

.919 

52 

56574  . 

.041 

29 

710784. 

.041 

29 

710784. 
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TADLK  2.1-4.  DIGITAL/LINEAR  NON-OPERATING  DATA 
FOR  DEVICES  WITH  ALUMINUM  METALLIZATION/GOLD  WIRE 


QUALITY 

AMBIENT 

FUNCTION 

STORAGE  f. 

NUMBER 

FAILURE  RAl 

LEVEL 

TEMPERATURE 

HOURS  X 10® 

FAILED 

IN  FITS 

Class  A 

250»C 

Digital 

.01 

0 

(<  100000.) 

Linear 

- 

- 

- 

Combined 

.01 

0 

(<  100000. ) 

300°C 

Digital 

.01 

0 

(<  100000. ) 

Linear 

- 

- 

- 

Combined 

.01 

0 

(<  100000.) 

350*0 

Digital 

.01 

0 

(<  100000.) 

Linear 

- 

- 

~ 

Combined 

.01 

0 

(<  100000.) 

Class  B 

25-30“C 

Digital 

2604.11 

77 

30. 

Linear 

114.0 

6 

53. 

Combined 

2718.11 

83 

31. 

Class  C 

150*C 

Digital 

15.848 

50 

3155. 

Linear 

2.88 

6 

2083. 

Combined 

18.728 

56 

2990. 

175*C 

Digital 

.282 

0 

{<  3546.) 

Linear 

- 

- 

- 

Combined 

.282 

0 

(<  3546. ) 

200*C 

Digital 

.758 

9 

11873. 

Linear 

- 

- 

- 

Combined 

.758 

9 

11873. 

250*C 

Digital 

.315 

13 

41270. 

Linear 

- 

- 

- 

Combined 

.315 

13 

41270. 

Class  D 

25-30*C 

Digital 

.268 

0 

(<  3731. ) 

Linear 

- 

- 

- 

Combined 

.268 

0 

(<3731. ) 

125*C 

Digital 

.307 

0 

(<3257. ) 

Linear 

- 

- 

- 

Combined 

.307 

0 

(<3257.  ) 

150°C 

Digital 

20.015 

31 

1549. 

Linear 

.896 

4 

4463. 

Combined 

20.911 

35 

1674. 

180*C 

Digital 

.086 

7 

81112. 

Linear 

- 

- 

- 

Combined 

.086 

7 

81112. 

200®C 

Digital 

.119 

40 

336417. 

Linear 

- 

- 

- 

Combined 

.119 

40 

336417. 

250°C 

Digital 

.068 

99 

1462000. 

Linear 

- 

- 

Combined 

.068 

99 

1462000. 
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TABLE  2.1-5.  DIGITAL  NON-OPERATING  DATA  FOR  DEVICES 
WITH  GOLD  METALLIZATION/GOLD  WIRE 


QUALITY 

LEVEL 

AMBIENT 

TEMPERATURE 

STORAGE  , 
HOURS  X 10® 

NUMBER 

FAILED 

FAILURE  RATE 
IN  PITS 

Class  B 

25-30“C 

.354 

0 

(<2825. ) 

Class  C 

25-30'’C 

8.689 

0 

(<115. ) 

Class  D 

25-30‘’C 

8.689 

0 

(<115. ) 

TABLE  2.1-6.  DIGITAL  NON-OPERATING  DATA  FOR  GOLD 
BEAM  SEALED  JUNCTION  DEVICES 


QUALITY  AMBIENT  STORAGE 

LEVEL  TEMPERATURE  HOURS  X 10 


NUMBER  FAILURE  RATE 
FAILED  IN  FITS 


Class  B 150“C 


.045  0 (<22200.) 


Class  D 150“C 
200°C 
300“C 


2.41  .0  (<415. ) 

2.13  1 469. 

.062  0 (<16200.) 


TABLE  2.1-7.  SPECIAL  STORAGE  ENVIRONMENT  DATA* 


QUALITY  AMBIENT  STORAGE 

LEVEL  TEMPERATURE  FUNCTION  HRS.  X 10^ 


NUMBER  FAILURE  RATE 
FAILED  IN  FITS 


B-A 

B-A 


22°C 

Digital 

1272.6 

97 

76.2 

22°C 

Linear 

291.4 

21 

72.1 

*Stored  in  Nitrogen  Atmosphere. 


TABLE  2.1-8.  PRINCIPLE  FAILURE  MECHANISMS 

Aluminum  Metallization,  Aluminum  Wire^  Gold  Post 

Oxide  Defects  (31%) 

Wire  Bond  (19%) 

Diffusion  Defects  (16%) 

Surface  Inversion  (13%) 

Al-Au  Post  Bond  (12&) 

Die  Bond  (3%) 

Lead  Failures  (6%) 

Aluminum  Metallization^  Gold  Wire,  Gold  Post 
Wire  Bond  (76%) 

Resistive  Output  (16%) 

Oxide  Defects  (4%) 

Die  Bond  (2%) 

Wire  Shore  (2%) 

Cracked  Die  il%) 
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TABLE  2.1-9. 

SOURCE 

A DATA  (FIELD  & 

TEST) 

FUNCTION 

PART 

FAILURE 

OR  LOGIC 

COM-  QUALITY 

METAL/ 

NUMBER  HOURS 

NUMBER 

RATE 

TYPE 

PLEXITY  LEVEL 

WIRE 

DEVICES  X 106 

FAILED 

IN  FITS 

DIG. 

A 

5328.2 

5 

0,9 

DIG. 

■ B 

- 

2269.7 

5 

2.2 

DIG. 

C 

- 

1952.9 

8 

4.1 

LIN. 

A 

— 

535.5 

1 

1.87 

LIN. 

B 

- 

235.5 

2 

8.49 

FUNCTION 
OR  LOGIC 
TYPE 

TABLE 

COM- 

PLEXITY 

: 2.1-10 

QUALITY 

LEVEL 

.SOURCE 

METAL/ 

WIRE 

B FIELD  DATA 

PART 

NUMBER  HOURS 

DEVICES  X 106 

NUMBER 

FAILED 

FAILURE 

RATE 

IN  FITS 

DIG. 

- 

A 

- 

7903 

30.2 

0 

(<33.1) 

TABLE 

2.1-11 

.SOURCE  ] 

D SPECIAL 

TEST  DATA 

FUNCTION 

PART 

FAILURE 

OR  LOGIC 

COM- 

QUALITY 

METAL/ 

NUMBER 

HOURS 

NUMBER 

RATE 

TYPE 

PLEXITY 

LEVEL 

WIRE 

DEVICES 

X 10^ 

FAILED 

IN  FITS 

TTL 

SSI 

B 

Al/Al 

30 

.8 

0 

(<1250. ) 

TTL 

SSI 

B 

Al/Al 

20 

.7 

0 

(<1429. ) 

TTL 

SSI 

B 

Al/Al 

30 

.7 

0 

(<1429. ) 

TTL 

SSI 

B 

Al/Al 

10 

.3 

0 

(<3333. ) 

TTL 

SSI 

B 

Al/Al 

10 

.3 

0 

(<3333. ) 

TTL 

SSI 

B 

Al/Al 

10 

.3 

0 

(<3333. ) 

TTL 

SSI 

B 

Al/Al 

10 

.3 

0 

(<3333. ) 

TTL 

SSI 

B 

Al/Al 

5 

.1 

0 

(<10000. ) 

TTL 

SSI 

B 

Al/Al 

5 

.1 

0 

(<10000. ) 

TTL 

SSI 

B 

Al/Al 

5 

.1 

0 

(<10000. ) 

TTL 

SSI 

B 

Al/Al 

30 

.8 

0 

(<1250. ) 

TTL 

SSI 

B 

Al/Al 

20 

.5 

0 

(<2000. ) 

TTL 

SSI 

B 

Al/Al 

20 

.5 

0 

(<2000. ) 

TTL 

SSI 

B 

Al/Al 

5 

.1 

0 

(<10000. ) 

TTL 

MSI 

B 

Al/Al 

5 

.1 

0 

(<10000. ) 

TTL 

SSI 

B 

Al/Al 

10 

.2 

0 

(<5000. ) 

TTL 

SSI 

B 

Al/Al 

10 

.2 

0 

(<5000. ) 

TTL 

SSI 

B 

Al/Al 

5 

.1 

0 

(<10000.) 

TTL 

SSI 

B 

Al/Al 

5 

.1 

0 

(<10000.) 

TTL 

SSI 

B 

Al/Al 

30 

.8 

0 

(<1250. ) 

TTL 

SSI 

B 

Al/Al 

20 

.5 

0 

(<2000. ) 

TTL 

SSI 

B 

Al/Al 

20 

.5 

0 

(<2000. ) 

TTL 

SSI 

B 

Al/Al 

5 

.1 

0 

(<10000. ) 

TTL 

MSI 

B 

Al/Al 

5 

.1 

0 

(UOOOO. ) 

TTL 

SSI 

B 

Al/Al 

10 

.2 

0 

(<5000. ) 

TTL 

SSI 

B 

Al/Al 

10 

.2 

0 

(<5000. ) 

TTL 

SSI 

B 

Al/Al 

5 

.1 

0 

(<10000. ) 

OP  AMP 

SSI 

B 

Al/Al 

40 

1.2 

0 

(<837. ) 

OP  AMP 

SSI 

B 

Al/Al 

110 

3.7 

0 

(<268. ) 

OP  AMP 

SSI 

B 

Al/Al 

10 

.4 

0 

(<2890. ) 

OP  AMP 

SSI 

B 

Al/Al 

10 

. 2 

0 

(-4484. ) 

OP  AMP 

SSI 

B 

Al/Al 

40 

!9 

0 

(<1157. ) 
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TABLE  2. .1-12. SOURCE  G FIELD  DATA 


FUNCTION  PART  FAILURE 

OR  LOGIC  COM-  QUALITY  METAL/  NUMBER  HOURS  NUMBER  RATE 


TYPE 

PLEXITY 

LEVEL 

WIRE 

DEVICES 

X 10^ 

FAILED 

IN  FITS 

TTL 

MSI 

B 

Al/Au 

3.6 

0 

{<271 .) 

DTL 

SSI 

B 

Al/Au 

- 

1240. 

49 

39.5 

DTL 

SSI 

B 

Al/Au 

119. 

5 

4 2.0 

TTL 

SSI 

D 

Al/Au 

- 

.3 

0 

(<  3333. ) 

CML 

SSI 

B 

Al/Au 

- 

16.2 

0 

(<62.) 

RTL 

SSI 

B 

Al/Au 

- 

15.3 

1 

65.3 

RTL 

SSI 

B 

Al/Au 

- 

1210  . 

22 

18.2 

DTL 

MSI 

B 

Al/Al 

- 

138. 

2 

14.5 

DTL 

SSI 

C 

Al/Al 

- 

x50  . 

0 

(<G.6) 

RTL 

SSI 

D 

Al/Al 

216 

4.6 

0 

(<217. ) 

RCTL 

SSI 

B 

Au/Au 

- 

.4 

0 

(<2500.  ) 

RCTL 

SSI 

C 

Au/Au 

55 

1.9 

0 

(<518  . ) 

RCTL 

SSI 

C 

Au/Au 

23 

.8 

0 

(<1244  . ) 

TCTL 

SSI 

C 

Au/Au 

10 

.4 

0 

(<286  . ) 

RCTL 

SSI 

C 

Au/Au 

41 

1.4 

0 

(<694  . ) 

RCTL 

SSI 

C 

Au/Au 

53 

1.9 

0 

(<538  . ) 

RCTL 

SSI 

c 

Au/Au 

3 

.1 

0 

(<9524 . ) 

RCTL 

MSI 

c 

Au/Au 

63 

2.2 

0 

(<455  . ) 

RCTL 

SSI 

D 

Au/Au 

55 

1.9 

0 

(<518.  ) 

RCTL 

SSI 

D 

Au/Au 

23 

.8 

0 

(<1244  . ) 

RCTL 

SSI 

D 

Au/Au 

41 

1.4 

0 

(<699. ) 

RCTL 

SSI 

D 

Au/Au 

53 

1.9 

0 

(<540  . ) 

RCTL 

SSI 

D 

Au/Au 

10 

.4 

0 

(<2857. ) 

RCTL 

SSI 

D 

Au/Au 

3 

.1 

0 

(<9524. ) 

RCTL 

MSI 

D 

Au/Au 

63 

2.2 

0 

(<455. ) 

AMP  FAMILY  ~ 

B 

Al/Au 

- 

114  . 

6 

52.6 
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TABLE  2 .1-13 .SOURCE  H SPECIAL  TEST  DATA 


FUNCTION 


OR  LOGIC 
TYPE 

COM- 

PLEXITY 

QUALITY 

LEVEL 

DTL 

SSI 

B-A* 

DTL 

SSI 

B-A* 

DTL 

SSI 

B-A* 

DTL 

SSI 

B-A* 

DTL 

■ SSI 

B-A* 

DTL 

SSI 

B-A* 

DTL 

SSI 

B-A* 

DTL 

SSI 

B-A* 

DTL 

SSI 

B-A* 

DTL 

MSI 

B-A* 

DTL 

MSI 

B-A* 

DTL 

MSI 

B-A* 

DTL 

MSI 

B-A* 

DTL 

MSI 

B-A* 

RTL 

SSI 

B-A* 

RTL 

SSI 

B-A* 

RTL 

SSI 

B-A* 

RTL 

SSI 

B-A* 

RTL 

SSI 

B-A* 

TTL 

SSI 

B-A* 

TTL 

SSI 

B-A* 

TTL 

SSI 

B-A* 

TTL 

SSI 

B-A* 

TTL 

SSI 

B-A* 

TTL 

SSI 

B-A* 

TTL 

SSI 

B-A* 

TTL 

SSI 

B-A* 

TTL 

SSI 

B-A* 

TTL 

SSI 

B-A* 

TTL 

SSI 

B-A* 

TTL 

SSI 

B-A* 

TTL 

SSI 

B-A* 

TTL 

SSI 

B-A* 

TTL 

MSI 

B-A* 

TTL 

MSI 

B-A* 

TTL-PROM 

MSI 

B-A* 

DC  AMP 

SSI 

B-A* 

OP  AMP 

SSI 

B-A* 

DUAL  COMP 

SSI 

B-A* 

LIN. 

SSI 

B-A* 

DC  AMP 

SSI 

B-A* 

VOLT  REG 

SSI 

B-A* 

VOLT  COMP 

SSI 

B-A* 

OP  AMP 

SSI 

B-A* 

LIN. 

SSI 

B-A* 

OP  AMP 

SSI 

B-A* 

VOLT  COMP 

SSI 

B-A* 

OP  AMP 

SSI 

B-A* 

LIN. 

SSI 

B-A* 

*Spocial  T 

esLiay  - 

See  Text 

** Vendor  P 

oeii  1 i cl  r 

Problem  - 

FAII,URE 

METAL/  NUMBER  HOURS  NUMBER  RATE 

DEVICES  X 106  FAILED  IN  FITS 


Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Au 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 

Al/Al 


517 

5.9 

0 

(<169. 5) 

22548 

346.4 

4 

■ 11.5 

17643 

252.9 

0 

(<3.95) 

11852 

170.1 

25 

147.0 

3015 

29.7 

4** 

134.7 

2603 

41.0 

2** 

48.8 

963 

14.4 

2** 

13.9 

1597 

16.7 

1** 

59.9 

4596 

44.4 

22** 

495.5 

175 

1.0 

0 

(<1000. ) 

313 

1.0 

0 

(<1000. ) 

413 

4.5 

2 

444.4 

138 

1.9 

0 

(<526. 3) 

63 

0.2 

30 

150000. 

846 

12.8 

0 

(<78.1) 

4454 

52.3 

0 

(<19.1) 

1215 

22.5 

0 

(<44.4) 

982 

12.4 

0 

(<80.6) 

5172 

90.1 

0 

(<11.1) 

4086 

41.1 

0 

(<24.3) 

3835 

42.7 

0 

(<23.4) 

329 

4.7 

0 

(<212. 8) 

714 

7.0 

2 

285.7 

1998 

12.6 

0 

(<79.4) 

2277 

16.0 

1 

62.5 

560 

3.6 

0 

(<  277. 8) 

1572 

9.5 

1 

105.3 

39 

.1 

0 

(<10000. ) 

373 

2.7 

0 

(<370. 4) 

416 

3.3 

0 

(<303. 0) 

522 

3.9 

0 

(<256. 4) 

133 

.6 

0 

(<1666. 7) 

374 

2.3 

0 

(<434. 8) 

457 

1.3 

2 

1538.5 

56 

.4 

0 

(<2500.  ) 

37 

.6 

30 

50000  . 

2666 

57.2 

0 

(<17.5) 

4948 

80,3 

9 

112.1 

7521 

88.9 

1 

11.2 

1371 

22.0 

1 

45.5 

1285 

9.0 

0 

(<111. 1) 

439 

6.8 

0 

(<147. 1) 

611 

5.7 

0 

(<175. 4) 

543 

4.6 

0 

(<217. 4) 

314 

2.9 

1 

344.8 

90 

2.8 

3 

(<1071.4) 

159 

4.4 

0 

(<227. 3) 

321 

1 .7 

0 

(<588. 2) 

1316 

5.1 

6 

1176.5 

See  Text 
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Loimo 

TYPE 

COM- 

PEKOTY 

TARIiK 

OUAEITY 

1.EVET.. 

2.1-14. 

MKTAL/ 

WIRE 

SOURCE  1 

NUMBER 

DEVICES 

SPECIAL 

PART 
HOURS 
X 10*^ 

, TEST  DATA* 

FAILURE 

NUMBER  RATE 

FAILED  IN  FITS 

TTL 

v^ST 

B 

M/M 

200 

2.6 

0 

(<385. ) 

TTL 

MSI 

n 

Al/Al 

200 

2.6 

0 

(<  385. ) 

TTl. 

MSI' 

D 

Al/Al 

200 

2.6 

0 

(<385. ) 

•rTL 

SSI 

D 

Al/Al 

200 

2.6 

0 

(<  385  . ) 

*Cycloci . 

TABLE 

2.1-15. 

SOURCE  J 

FIELD  DATA 

LOGIC  COM- 

QUALITY 

METAL/ 

NUMBER 

PART 
HOURS 
X 10° 

NUMBER 

FAILURE 

RATE 

TYPE  PLEXITY 

LEVEL 

WIRE 

DEVICES 

FAILED 

IN  FITS 

DIG. 

A 

Al/Al 

7700 

31. 

0 

(<32.3) 

DIG. 

A 

Al/Al 

- 

472  . 

0 

(<2.1) 

TABLE 

2.1-16 

.SOURCE  K 

SPECIAL  TEST 

DATA 

PART 

FAILURE 

LOGIC 

COM- 

QUALITY 

METAL/ 

NUMBER 

HOURS 

NUMBER 

RATE 

TYPE 

PLEXITY 

LEVEL 

WIRE 

DEVICES 

X 10° 

FAILED 

IN  FITS 

RTL 

SSI 

B 

Al/Al 

1250 

87.6 

0 

(<11.4) 

RTL 

SSI 

B 

Al/Al 

2382 

166.9 

1 

6.0 

RTL 

SSI 

B 

Al/Al 

1002 

70.2 

0 

(<14.2) 

RTL 

SSI 

B 

Al/Al 

949 

66.5 

2 

30.1 

RTL 

SSI 

B 

Al/Al 

1002 

70.2 

0 

(<14.2) 

RTL 

SSI 

B 

M/M 

450 

31.5 

0 

(<31.7) 

RTL 

SSI 

B 

Al/Al 

2992 

209.7 

0 

(<4.8) 
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TABLE  2,1-17.  MISSILE  H FIELD  DATA 


FUNCTION 


OR 

LOGIC 

TYPE 

COM- 

PLEXITY 

QUALITY 

LEVEL 

METAL/ 

WIRE 

NUMBER 

DEVICES 

PART 
HOURS 
X 10 

NUMBER 

FAILED 

FAILURE 

RATE 

IN  FITS 

TTL 

SSI 

B 

Al/Al 

5355 

85.1 

0 

(<11.8) 

TTL 

SSI 

B 

Al/Al 

7497 

119.1 

1 

8.4 

TTL 

MSI 

B 

Al/Al 

19278 

306.3 

0 

(<3.3) 

TTL 

SSI 

B 

Al/Al 

1071 

17.0 

0 

(<58.8) 

TTL 

SSI 

B 

Al/Al 

7497 

119.1 

0 

(<8,4) 

TTL 

SSI 

B 

Al/Al 

8568 

136.1 

0 

(<7 . 3) 

OP  AMP 

SSI 

B 

Al/Al 

37485 

597.6 

1 

1.67 

DC  AMP 

SSI 

B 

Al/Al 

14994 

239.0 

1 

4.18 

DC  AMP 

SSI 

B 

Al/Al 

18207 

290.3 

1 

3.44 

FUNCTION 

OR 

LOGIC 

TYPE 

TABLE  2.1-18.  MISSILE  I 

COM-  QUALITY  METAL/  NUMBER 

PLEXITY  LEVEL  WIRE  DEVICES 

FIELD 

PART 

HOURS 

X 106 

DATA 

NUMBER 

FAILED 

FAILURE 
RATE 
IN  FITS 

TTL 

SSI 

B 

Al/Al 

16560 

164.7 

1 

6.1 

TTL 

MSI 

B 

Al/Al 

4140 

41.2 

0 

( <24.3) 

TTL 

MSI 

B 

Al/Al 

26910 

267.7 

1 

3.7 

TTL 

SSI 

B 

Al/Al 

16560 

164.7 

0 

{<6.1) 

TTL 

SSI 

B 

Al/Al 

10350 

103.0 

0 

(<9.7) 

OP  AMP 

SSI 

B 

Al/Al 

51750 

514.8 

2 

3.9 

OP  AMP 

SSI 

B 

Al/Al 

2070 

20.6 

1 

48.5 

OP  AMP 

SSI 

B 

Al/Al 

8280 

82.4 

2 

23.7 

DUAL  COMP  SSI 

B 

Al/Al 

26910 

267.7 

1 

3.7 
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TABLE  2.1-19 


MOS  SSI/MSI  DEVICE  NON-OPERATING  DATA 


Quality  Level 

Ambient 

Metal/Inter- 

Complex. 

Part  Stof, 

No.  of 

Fail. Rato  j 

Temperature 

conn . 

Hrs.x  10® 

Failures 

in  Fit.*!!  j 

A 

150°C 

Al/Al 

SSI 

.015 

0 

(<66667.)  1 

MSI 

.017 

5 

299401.  ; 

D 

125°C 

Al/Al 

Ms'r 

.206 

24 

121654.  , 

140“C 

Al/Al 

SSI 

.011 

1 

88889.  j 

150°C 

Al/Al 

SSI 

2.232 

2 

896 . 

MSI 

.084 

0 

(<11905. ) 

C 

150°C 

Al/Au 

MSI 

.100 

0 

(<10000. ) 

D 

130°C 

Al/Au 

MSI 

.510 

1 

1961. 

150°C 

Al/Au 

SSI 

.108 

0 

(<  9259. ) 

MSI 

.242 

1 

4127.  ' 

250°C 

Al/Au 

SSI 

.057 

1 

17544.  ' 

300“C 

Al/Au 

SSI 

.110 

15 

136363.  ' 

350°C 

Al/Au 

SSI 

.062 

31 

497592.  j 

TABLE  2.1-20. 

MOS  SSI/MSI  DEVICE  REPORTED  FAILURE  MODES  & MECHANISMS 


No . Reported 

5 

10 

1 

1 

2 

1 

2 

6 
2 
1 
1 

19 

2 


Mode  or  Mechanism 

Drift 

Open 

Short 

Field  Oxide  Short 
Gate  Oxide  Short 
Lid  Seal  Defective 
A1  Wire  Bond  Defects 
Au  Ball  Bond  Defects 
Ai/Au  Kirkendall  Voids 
Dio  Bond  Defect 
Resistive  Junction 
Contamination 
Fo  re  i g n P a r L L c 1 *.)  s 


2.1-4  3 


2,1,3, 4 Mamorioa 

Data  on  two  major  oatoyorioi  of  monolithlo  mamorioa  waa 
oollootod)  random-acQQsa  momoritta  (RAMS)  and  road  only  taemorita 
(ROMS) . ComploR  (lar^or  than  dual  8-bit)  atatio  and  dynamic  shift 
ragistora  wore  inoludod  with  the  RAM  data, 

Data  on  RAMS  uonHlatod  of  3 million  hours  of  storage  data 
roughly  equivalent  to  field  storage  with  no  failures  reported. 

In  addition,  approximately  S million  hours  of  high  temperature 
storage  life  data  with  76  devioe  failures  was  reported, 

Data  on  ROMS  oonaiutod  entirely  of  high  temperature  storage 
life  data  with  slightly  n>ore  than  1 million  hours  and  2S  failures 
reported. 

I'ho  storage  data  oolleoted  is  aunwariaed  in  Tables  2.1-21 
through  2.1-23,  Data  is  given  by  quality  level,  storage  tem- 
perature, oomploxity,  nwtalliaation/intoroonnection  system  and 
logic  typo. 

Failure  modes  or  mechanisms  for  5S  of  the  storage  life 
tost  failures  were  reported.  These  modes  and  n\ochani8m8  are 
listed  in  Table  2,1*  24. 
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TAliUK  2 . 1 I . RANDOM- ACCKSS  MKMORIliS  (llAMS) 
NON-OPKRATl’NG  DATA 

(ALUMINUM  MliiTALLIZATXON/ALUHlNUM  W.IlUi  SYSTEM) 


QUALITY 


LEVEL 

TEMl’ 

BITS 

LOGIC 

C 

I50*e 

1024 

MOS 

D 

85»C 

64 

MOS 

D 

123*0 

206 

TTL 

16 

MOS 

64 

MOS 

206 

MOS 

1024 

MOS 

D 

150*C 

8 

TTL 

16 

TTL 

64 

TTL 

- 

MOS 

32 

MOS 

64 

MOS 

256 

MOS 

D 

160«C 

256 

MOS 

1024 

MOS 

TORAQE 

FAILURE 

HOURS 

NUMBER 

RATE 

X 10® 

FAILED 

IN  FITS 

.050 

0 

(<20000.) 

.400 

0 

(<2500. ) 

.139 

7 

50360. 

.384 

0 

(<2600.) 

.180 

18  1 

: <100000. ) 

.226 

2 

8850. 

.040 

0 

(<25000.) 

.025 

0 

(<40000. ) 

.252 

0 

(<3968. ) 

.015 

0 

(<66700. ) 

.038 

0 

(<26300.) 

.028 

0 

(<35700. ) 

.034 

0 

(<29400. ) 

.620 

4 

6450. 

.015 

0 

(<66700. ) 

.015 

0 

(<667op. : 

TABLE  2.1-22.  RANDOM-ACCESS  MEMORIES  (RAMS) 
NON-OPERATING  DATA 

(ALUMINUM  METALLIZATION/GOLD  WIRE  SYSTEM) 

STORAGE  FAILURE 


QUALITY 

LEVEL  TEMP  BITS  LOGIC 


85*C 

20 

MOS 

21 

MOS 

dual  25 

MOS 

125*C 

- 

MOS 

256 

MOS 

512 

MOS 

1024 

MOS 

130*C 

- 

MOS 

20 

MOS 

21 

MOS 

dual  25 

MOS 

64 

MOS 

150*C 

20 

MOS 

dual  16 

MOS 

64 

MOS 

1024 

MOS 

64 

TTL 

160*C 

256 

MOS 

1024 

MOS 

HOURS 

X 10® 

NUMBER 

FAILED 

RATE 

IN  FITS 

.220 

0 

(<4545. ) 

2.200 

0 

(<454.  ) 

.220 

0 

(<4545. ) 

.034 

0 

(<29400.  ) 

.375 

0 

(<2667. ) 

.288 

34 

118000. 

.218 

0 

(<4590. ) 

.040 

0 

(<25000. ) 

.470 

0 

(<2128. ) 

.360 

0 

(<2778. ) 

.300 

0 

(<3333.  ) 

.060 

0 

(<16700. ) 

.160  O 

1 

6250. 

.054 

0 

(<18500. ) 

.051 

0 

(<19600. ) 

.036 

0 

(<26700. ) 

.104 

0 

(<9615. ) 

.100 

0 

(<10000. ) 

.144 

0 

(<6969. ) 
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TABLE  2.1-23.  READ  ONLY  MEMORIES  (ROMS) 
NON-OPERATING  DATA 


STORAGE 

FAILURE 

QUALITY 

HOURS 

NUMBER 

RATE 

LEVEL  TEMP 

BITS  LOGIC 

X 10® 

FAILED 

IN  FITS 

(ALUMINUM  METAL/ALUMINUM  WIRE  SYSTEM) 


C ISO^C 

1256 

Schottky 

.019 

0 

(<52600. ) 

TTL 

ISO^C 

512 

TTL 

.092 

0 

(<10870.) 

8256 

TTL 

.022 

0 

(<45400.) 

D 125®C 

64 

Schottky 

.529 

23 

43500. 

TTL 

2048 

MOS 

.058 

0 

(<17000.) 

150®C 

1024 

Schottky 

.050 

2 

40000. 

TTL 

- 

RTL 

.211 

0 

(<4740. ) 

1024 

MOS 

.018 

0 

(<57100. ' 

160°C 

64 

Schottky 

.025 

0 

(<40000. ) 

TTL 

2048 

MOS 

.005 

0 

(<200000. ) 

(ALUMINUM  METAL/GOLD 

WIRE  SYSTEM) 

B 160°C 

256 

Schottky 

.025 

0 

(<40000.) 

TTL 

D 150°C 

2560 

MOS 

.052 

0 

(<19300.) 

- 

MOS 

.068 

0 

(<14700.) 

leo^c 

2048 

MOS 

.025 

0 

(<40000.) 
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TABLE  2.1-24 


MEMORIES  REPORTED  FAILURE  MODES  AND 

No . of 
Units 

RAMS  - A1  Metal/Al  Wire  ? 

18 

1 

2 


RAMS 

“ Al  Metal/Au  Wire 

2 

1 

31 

ROMS 

- Al/Metal/Al  Wire 

■? 

ROMS 

- Al  Metal/Au  Wire 

- None  Reported 

MECHANISMS 


Mode  or  Mechanism 

Oxide  Pinhole 
Gate  Oxide  Pinhole 
Field  Oxide  Pinhole 
Contamination 

Gate  Oxide  Pinhole 
Field  Oxide  Pinhole 
Contamination 

Wire  Bond  Defects 
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2 . 2 Monolithic  Integrated  Circuits  Operational  Prediction  Modela 
The  MIL-HDBK~217B  general  failure  rate  model  for  monolithic 
integrated  circuits  is; 

'p  = \ "q  <"t  =1  + "e  =2>  * 


where : 

X = device  failure  rate 
P 

= learning  adjustment  factor 

Ij 

Hq  = quality  adjustment  factor 

Cl  & C2=  Complexity  Factors 

= Temperature  Adjustment  Factor 
= Environmental  Adjustment  Factor 


The  various  types  of  microelectronic  devices  require  different 
values  for  each  of  these  factors.  The  specific  factor  values  for 
each  type  of  device  are  shown  in  Figures  2.2-1  through  2.2-7. 

In  the  title  description  of  each  monolithic  device  type,  SSI, 
MSI,  and  LSI  represent  Small  Scale  Integration,  Medium  Scale  Inte- 
gration, and  Large  Scale  Integration  respectively,  and  indicate  the 
complexity  level  for  which  the  device  model  is  applicable.  MOS  rep- 
resents all  metal-oxide  semiconductor  microcircuits  which  includes 
NMOS , PMOS , CMOS , and  MNOS  fabricated  on  various  substrates , such 
as  sapphire,  polycrystalline,  or  single  crystal  silicon. 

Since  different  models  are  designated  for  the  SSI/MSI  and 
LSI  Monolithic  Digital  devices,  the  following  distinction  in  terms 
of  complexity  level  is  made  in  order  to  provide  guidance  in  selection 
of  the  appropriate  model.  For  the  present,  and  until  a new  limit  is 
established,  devices  having  complexities  less  than  100  gates  (approx- 
imately 400  transistors)  are  to  be  considered  as  SSI/MSI  devices. 

More  complex  devices  by  gate  count  (or  transistor  count  at  4 per 
gate)  are  to  be  considered  as  LSI  devices.  No  distinction  is  made 
between  SSI  and  MSI  Monolithic  Digital  devices  since  the  same  model 
applies  directly  to  both.  Also,  no  distinction  is  made  between  the 
complexity  factors  for  MOS  and  Bipolar  devices  in  that  the  factors 
that  define  complexity  are  independent  of  the  specific  technologies. 
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Tor  the  purposes  of  this  handbook,  a gate  is  considered  to 
be  any  one  of  the  following  logic  functions:  AND,  OR,  NAND,  NOR, 
Exclusive  OR,  and  Inverter.  A J~K  or  R-S  flip-flop  is  equivalent 
to  8 gates  when  used  as  part  of  a complex  circuit.  When  the 
flip-flop  is  individually  packaged  (single,  dual,  or  greater)  the 
gate  count  should  be  determined  from  the  schematic  or  logic  diagram. 
For  guidance  in  symbols  used  for  these  functions,  see  Standard 
ANSI  Y32. 14-1973,  "Graphic  Symbols  for  Logic  Diagrams."  This 
standard  has  been  adopted  by  the  Department  of  Defense  and  super- 
sedes Mil-Std-806B  (an  earlier  logic  symbol  standard) . 

Monolithic  memories,  because  of  their  high  gate-to-pin  ratio, 
are  not  treated  as  a part  of  the  SSI/MSI/LSI  models.  Their  com- 
plexity factors  are  expressed  in  terms  of  the  number  of  bits  and  are 
divided  into  the  two  major  categories  of  monolithic  memories: 
random-access  memories  (RAMS) , and  read-only  memories  (ROMS) . How- 
ever , for  the  purposes  of  this  handbook,  programmable-read-only 
memories  (PROMS)  and  content-addressable  memories  (CAMS)  are 
considered  in  the  same  categories  as  ROMS  and  RAMS,  respectively; 
therefore,  the  same  models  are  applicable.  For  complex  (larger 
than  dual  8-bit)  static  and  dynamic  shift  registers,  use  the  RAM 
model  with  bit  count.  For  smaller  shift  registers,  use  the  Digital 
SSI/MSI  model.  For  linear  devices,  both  MOS  and  Bipolar,  the  same 
model  expressing  complexity  in  terms  of  the  number  of  transistors 
is  presented. 

Table  2.2-1  provides  a list  of  monolithic  microelectronic 
generic  groups  with  a cross  reference  to  the  corresponding  figure 
number. 

The  failure  rate  model  and  adjustment  factors  are  based  on 
certain  assumptions  and  sub  models.  See  Sections  2.2.1  and  2.2.2 
for  a description  of  these  parameters. 

2.2.1  Model  Description 

In  order  to  help  clarify  some  of  the  parameter  descriptions 
for  the  various  models,  all  of  monolithic  device  models  are  based 
on  a " additive  model  concept"  — i.e.  Xp  = + Xj^, 

where : 
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FIGURE  2.2-6  MIL-HDBK-217B  OPERATIONAL  FAILURE  RATE  .MODEL 
FOR  BIPOLAR  .‘EMORIES 

(TTL,  ETL  etc.,  excludes  Bipolar  Becim  Lead  and  Bipolar  ECL) 
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X is  the  overall  device  failure  rate  for  monolithic 
P devices . 

X„  is  the  failure  rate  component  due  to  time  degradation 
™ causes,  and  represents  degradation  mechanisms  which  are 
accelerated  by  temperature  and  electrical  bias;  com- 
posed largely  of  phenomena  which  follow  the  Arrhenius 
type  rate  acceleration. 

X„  is  the  failure  rate  component  due  to  mechanical 
(application  environment)  causes,  and  represents 
failure  mechanisms  resulting  from  mechanical  stresses 
directly,  or  indirectly  (such  as  stresses  set  up  by 
thermal  expansion) . 


2.2.2  Parameters 

2. 2. 2.1  Complexity  Factors  and  C2 

The  circuit  complexity  factors , and  C2 , are  based  on 
the  models  presented  below. 


Tabulated  values  are  derived  from  the  following  equations : 


= 1.29  (10)“^  (Ng)®’®^"^  C2  = 3.89  (10)"^  (N^)®'^^^ 


where  = number  of  gates  (assumes  4 transistors  per  gate) . 

The  tabulated  values  are  applicable  to  devices  in  packages  con- 
taining up  to  22  pins.  For  larger  packages  multiply  the  values  by: 


No.  of  Pins 
24  to  40 
42  to  64 
>64 


2 . 2 . 2 . 1 . 2 Linear  SSI/MSI  Devices 

Tabulated  values  are  derived  from  the  following  equations : 

= .00056  (N^)  C2  = .0026  (N^)^''""' 


where  = number  of  transistors. 


Sest  Available 
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2 . 2 . 2 . 1 . 3 LSX  Dovicos 

Tabulated  values  are  derived  from  the  following  equations: 

. .0187e  (-OOI’DNg  Cj  = .013e 

where  = nuniber  of  gates  (assume  4 transistors  per  gate) 
and  e = natural  logarithm  base,  2.718. 

The  tabulated  values  are  applicable  to  devices  in  packages  con- 
taining up  to  24  pins.  For  larger  packages,  multiply  values  by: 

No.  of  Pins  Multiplier 

26  to  64  1.1 

>64  1.2 

2. 2. 2. 1.4  Memory  Devices 

Tabulated  values  are  deri,ved  from  th^  following  equations : 
For  ROMS  - =>  .00114  C2  = . 00032  (B)  ° , 

For  RAMS  - = .00199  (B)°*^°^  C2  = . 00056  (B)  ° 

where:  B = number  of  bits. 

The  tabulated  values  are  applicable  to  devices  in  packages  con- 
taining up  to  24  pins.  For  packages  with  greater  than  24  pins, 
multiply  tabulated  values  by  1.1. 

2. 2. 2. 2 Learning  Adjustment  Factor,  H, 

JLj 

adjusts  the  model  for  production  conditions  and  controls. 
The  conditions  are  defined  in  the  figures  for  each  device  type. 

2. 2. 2. 3 Quality  Adjustment  Factor,  11^ 

' I I , ■ ■ nr  ^ 

IIq  accounts  for  effects  of  different  quality  levels  as 
defined  in  MIL-M-38510  and  MIL-STD-883. 

2.2. 2.4  Temperature  Adjustment  Factor,  n^, 

adjusts  the  model  for  temperature  acceleration  factors. 

Two  models  are  applicable: 

Iln,,  is  applicable  to  Bipolar  Digital  devices,  i,e. 

TTL  and  DTL,  not  included  in  11^2  below. 

O.lo^ 

where  x = -4794  ( -ip,  4.  273  IW  ^ 
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n^2  applicable  to  Bipolar  and  MOS  Linear,  Bipolar 
Beam  Lead,  Bipolar  ECL,  and  all  other  MOS  devices. 

X 


11^2  ~ 0 , le 


where : x 


-8121  ( 


Tj  + 273 


298 


-) 


In  and  11^2  above,  is  the  worst  case  junction 

temperature  (°C)  and  e is  natural  logarithm  base,  2.718. 

If  Tj  is  unknown,  use  the  following  approximations: 

For  packaged  monolithic  devices  use: 

Tj  = ambient  T + 10®C  if  namber  of  transistors ^ 120 . 

Tj  = ambient  T + 25°C  if  number  of  transistors  >120. 

2. 2, 2. 5 Environmental  Adjustment  Factor,  II 

Jh 


llg  accounts  for  the  influence  of  environmental  factors  other 
than  temperature.  Refer  to  the  environment  description  in  the 
Appendix , 
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2 . 3 Hybrid  Integrated  Circuits  Storage  Reliability  Analysis 

A hybrid  integrated  circuit  is  any  combination  of  solid 
state  active  circuit  components  (IC  or  discrete)  and  of  thin 
or  thick  film-deposited  passive  circuit  elemants,  in  combination 
with  other  compatible  discrete  parts  when  called  for,  interconnected 
by  film  patterns  on  one  or  more  substrates  in  a single  device 
package,  to  perform  one  or  more  circuit  functions.  Hybrid  IC's 
are  commonly  classified  as  either  thin  or  thick  film. 

A vapor  deposited  or  vacuum-evaporated,  or  also  sputtered, 
plated  or  grown  film  circuit  is  called  "thin  film"  when  the  mean 
free  path  of  its  current  carriers  (mainly  electrons)  is  comparable 
in  length  to  the  thickness  of  the  film,  usually  in  the  range  of  a 
few  thousand  Angstroms.  In  practice  thin  film  is  limited  to  a 
maximum  of  10,000  Angstroms  (1  micron). 

A film  circuit  deposited  by  screen  printing  (or  also  by 
spraying)  with  subsequent  air  drying  and  high  temperature  firing 
steps,  applied  in  sequential  cycles,  is  commonly  known  as  "thick 
film,"  denoting  also  that  its  structure  came  about  by  fusing  origi- 
nally separated  and  dispersed  microscopic  particulate  matter  into 
a self-passivating  glaze.  Thick  film  thickness  overlaps  the 
range  of  thin  film  thickness  and  extends  approximarely  to  2.5  mils 
(63  microns) . 

2.3.1  Hybrid  Device  Failure  Mechanisms 

The  hybrid  failure  mechanisms  include  all  those  listed  for 
the  monolithic  devices  plus  those  that  are  unique  to  the  hybrid 
technology.  Hybrid  devices  exhibit  problems  as  a result  of  the 
number  of  different  materiels  used  in  one  package;  the  number  of 
interconnections  and  bonds;  the  amount  of  processing  with  the 
chance  of  error  or  inclusion  of  contaminating  materiels;  and  the 
hermetic  sealing  of  a larger  package.  Careful  selection  of 
materiels  and  control  of  processing  and  temperatures  are  required 
to  prevent  thermal  mismatches  between  materiels;  leaching, 
diffusion  and  migration  of  materiels;  intermetallic  compound 
formations;  and  corrosion. 
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Tables  2.3-1  and  2.3-2  sumip.arize  the  mechanisms  unique  to 
thick  and  thin  film  devices.  Many  of  these  mechanisms  would  be 
detected  in  formal  processing  and  screening. 

In  thick  film  devices,  the  faulty  substrate  bond  or  cracked 
substrate  which  is  undetected  or  non-failed  during  processing  will 
be  accelerated  to  failure  by  mechanical  vibration  and  shock.  The 
frequency  of  this  failure,  whether  in  operation  or  not,  is  depen- 
dent on  the  transportation  and  handling  of  the  equipment  in  the 
depots  and  field. 

The  failure  mechanisms  for  thick  film  resistors  include  those 
failures  in  processing  which  would  slip  through  the  screens; 
those  that  are  defects  which  are  accelerated  by  high  temperature 
or  thermal  cycling;  and  those  that  are  a result  of  corrosion.  The 
two  latter  groups  of  defects  may  be  accelerated  or  decelerated  to 
failure  depending  on  the  storage  environment. 

The  chip  element  failure  mechanisms  in  thick  film  devices 
are  the  same  as  monolithic  except  that  bonding  materiels  or 
processes  may  be  different. 

The  number  of  conductors  and  interconnections  in  the  hybrid 
device  lead  to  shorted  conductors,  faulty  bonds,  etc.  Most  of 
these  defects  are  accelerated  to  failure  by  thermal  or  mechanical 
stresses.  The  silver  migration  depends  on  a high  current  density 
and  would  be  decelerated  in  a storage  environment. 

The  thin  film  devices  exhibit  similar  types  of  failure 
mechanisms  as  thick  film  The  unique  mechanisms  of  thin  film 

devices  are  those  associated  with  the  element  films.  Many  of 
those  defects  arc  accelerated  to  failure  by  thermal  stresses. 

The  rate  at  which  defects  progress  to  failure  is  dependent  on 
the  environment.  The  ionic  migration  between  resistor  strips 
is  function  of  high  voltage  and  temperature  and  would  be 
decelerated  in  a storage  environment. 

Most  hybrid  devices  are  custom  designed  for  each  application. 
The  materiel  selection,  device  design  and  processing  for  each 
application  will  determine  the  particulai  set  of  failure 
mechanisms  experienced. 


2.3-2 
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2.3.2  Storage  Reliability  uaLa 

The  storage  data  collected  on  hybrid  integrated  circuits 
consists  of  1,738.1  million  storage  hours  with  61  failures 
reported  and  0.6  million  hours  of  accelerated  storage  life 
tests  with  5 failures  reported.  This  data  represents  a quality 
level  approximately  equivalent  to  Class  B in  MIL-STD-883. 

Based  on  thn  number  of  storage  hours  and  failures,  the 
storage  failure  rate  for  these  devices  is  35.3,  failures  per 
billion  hours.  However,  the  range  of  types  and  complexities  of 
hybrid  circuits  precludes  the  use  of  a single  failure  rate  for 
all  devices.  More  data  will  be  required  to  adequately  evaluate 
hybrids  in  the  storage  or  non-operating  environment* 

The  data  that  has  been  collected  is  summarized  in  Table  2.3-3. 
Descriptions  of  the  data  sources  are  the  same  as  presented  in 
Section  2. 3. 1,1. 

Of  the  reported  failures,  twenty  six  failure  causes  were 
reported:  one  failed  due  to  a failed  zener  diode,  four  due  to 
open  wire  bonds;  and  twenty  one  due  to  open  wire  bonds  at  the 
aluminum/gold  interface. 


TABLE  2.3-3.  HYBRID  IC  NON-OPERATING  DATA 


SOURCE  AMB.  TEMP. 

TECHNOLOGY 

NO. 

DEVICES 

STORAGE  HRS. 
(millions) 

NO.  FAILURE 

FAILURES  RATE  IN 
FITS 

Source  A 25°C 

Thin  Film 

•• 

43.246 

1 

23.1 

Source  G 125 °C 

Thin  Film 

104 

.09 

2 

20408. 

150«C 

Thin  Film 

191 

.191 

3 

15707. 

25°C 

Thick  Film 

- 

3.964 

0 

(<252. 3) 

150®C 

Thick  Film 

156 

.261 

2 

7663. 

200®C 

Thick  Film 

11 

.011 

0 

(<90090.) 

Source  H 25‘‘C 

Thick  Film 

5834 

38.0 

0 

(<26.3) 

25°C 

Thick  Film 

36 

.3 

0 

(<3333. 3) 

25“C 

Thick  Film 

5215 

50.0 

4 

80.0 

Source  J 25 ®C 

ThicK.  Film 

- 

146.0 

1 

6.85 

h..tfsile  II  25“C 

Thick  Film 

6211S 

986.9 

32 

32.4 

Missile  I 25^C 

Thick  Film 

2070 

20.6 

0 

(<48.5) 

25  ®C 

Thick  Film 

8280 

82.4 

0 

(<12.1) 

25“C 

Thick  Film 

8280 

82.4 

0 

(<12.1) 

25''C 

Thick  Film 

16560 

164.7 

13 

78.9 

25°C 

Thick  Film 

4140 

41.2 

9 

21.8 

25‘=‘C 

Thick  Film 

2070 

20.6 

0 

(-48.5) 

2 r.  0 p 

Thick  Film 

2070 

20.6 

0 

(<48.5) 

2 5“C 

Thick  Film 

2070 

20.6 

0 

(<48.5) 

25«C 

Thick  Film 

2070 

20.6 

1 

48.5 
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The  MIL-HDBK-217B  failure  rate  model  for  hybrid  microelec- 
tronic devices  is ; 

Xp  = \ X X X n^,)  x lo“® 
where : 

= base  failure  rate 

= temperature  factor 

n_  = environmental  factor 
E 

IIq  = quality  factor 

llp  = circuit  function  factor 

From  the  I.C.  chip  standpoint,  the  hybrid  model  is  structured 
to  accommodate  all  of  the  monolithic  chip  types  and  the  various 
complexity  levels  indicated  in  Section  2.2. 

Figure  2.4-1  gives  the  hybrid  model  and  values  for  each 
parameter.  The  base  failure  rate  must  be  calculated  and  a descrip- 
tion of  this  calculation  is  given  below. 

2.4.1  Base  Failure  Rate, 

The  base  failure  rate  equation  is: 

Xb  = ^s^c  ^^RT^RT  contribution) 

+ (contribution  of  attached  components) 

+ Xppllpp  (package  contribution) 

A.  Substrate  Contribution 

Xg  is  the  failure  rate  due  to  the  substrate  and  film  pro- 
cessing.  It  has  a value  of  either  0.02  of  0.04  and  is 
independent  of  the  number  of  substrates.  The  value  0.02 
applies  if  only  thick  film  or  only  thin  film  sxibstrates 
are  used.  The  value  0.04  applies  if  both  types  are  used. 


tho  failure  rate  contribution  duo  to  network  complexity 

v!>  V 

and  substrate  area.  The  values  of  (complexity  term) 
are  a function  of  the  element  density,  N^/Ag.  Ag  is  the 
substrate  area  in  square  Inches. 


N, 


To  compute  complexity,  Ag  is  obtained  by  summing  the 
areas  of  all  thick  film  substrates  resulting  in  a single 
equivalent  thick  film  substrate.  An  equivalent  thin  film 
sxibstrate  is  determined  similarly.  However,  when  sub- 
strates are  stacked,  only  the  area  of  the  bottom  substrate 
shall  be  used  to  compute  Ag.  If  a substrate  contains  only 
one  device,  it  shall  be  considered  a chip  and  shall  not  bo 
considered  a substrate  for  purposes  of  failure  rate  pre- 
diction . 

is  the  total  complexity  expressed  as 

N s=  N + N + N 
E LT  RT  ^DC 


where : 


N 


LT 


N 

N 


RT 

DC 


= number  of  internal  lead  terminations.  Normally,  this 
would  be  2 times  the  number  of  leads,  but  for  beam 
leads  and  flip  chips,  this  would  be  one  for  each  con- 
nection. This  includes  the  leads  from  substrate  to 
external  leads. 

= number  of  film  resistors 

= number  of  discrete  chip  devices  (each  chip  counts  as 
one  device) 


As  a convenience  in  estimating  the  number  of  terminations  from 


the  schematic,  the  following  approximations  may  be  used  (it  is  always 
more  desirable  to  count  the  actual  lead  terminations  than  to  use  the 


approximation) : 


No.  of  transistors 
No.  of  diodes 


+ No.  of  capacitors 

+ No.  of  chip  resistors 

+ No.  of  conventionally  pack- 
aged integrated  circuit  leads 

+ No.  of  integrated  circuit  chip 
bond  pads 

+ No.  of  external  hybrid  package 
leads 


X 4 
X 2 
X 4 
X 4 
X 2 

X 2 

X 2 
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Pol*  the  single  eeyuivelent  thiok  film  iuhst^ete#  the  value 
for  Nj^  iti  detern^ined  from  the  above  rulea.  Then  Ng/Ag  la  oon^puted 
ualng  the  obtained  In  aooordanoe  with  the  above  rulea.  The 
value  o£  felluro  reto  per  squaro  inch#  la  obtained  from  the 
following  equationa. 


For  thin  film  « 

* 4,7(10) 

- .001 

For  thic)t  film  I 


N.,  2.082 


for 

for 


1201, 

10  i 


i 10,000 

siao 


X^2  " 2.4(10) 

- ,001 

The  final  value  o 
used  to  determine  N^/Ag 


("u  ) 

*r 


4.429 


(or  aso  i.  < 2,000 


N. 


for  10  < "E  < 250 

f AgXju  requires  the  use  of  the  same  Ag 


This  procedure  is  then  repeated  for  the  thin  film  equiva- 
lent substrate.  It  should  be  noted  that  when  is  computed  for 
stacked  substrates , the  elements  of  the  upper  substrates  are  in- 
cluded with  the  bottom  substrate,  even  though  the  upper  substrate 
uses  a different  resistor  technology  than  the  bottom  substrate 
(thin  film  or  thick  film  or  vice  versa) . 


ENj^,pXj^^  is  the  sura  of  the  failure  rates  for  each  resistor 
as  a function  of  the  required  resistance  tolerance, 
is  the  number  of  film  resistors  of  a given 
tolerance . 

Xj^,p  is  the  failure  rate  to  be  used  for  each  resis- 
tor of  a given  tolerance  as  specified  in  Figure 
2.4-1. 


D.  Attached  Components  Contribution ^ 

EXpcNoc  attached  device  failure  rates  for 

semiconductors,  integrated  circuits,  capacitors  and 
resistors,  both  packaged  and  unpackaged.  The  fail- 
ure rate  is  computed  by  multiplying  the  by 
the  quantity  of  each  type.  The  X^^^  is  the  same  for 
a i5ackagod  or  unpackaged  device.  The  X^^^^  values  are 
in  Figure  2.4-1. 


C . Package  Contribution . 

Xppllpp,  is  the  hybrid  package  failure  rate  which  is  a func- 
tion of  the  package  style  or  configuration  and  the 
materials  used  in  its  construction. 

Xpp  is  0.01  failure/10^  hr.  This  is  a normalized 
value  of  base  failure  rate  for  all  hybrid  packages. 
Ilpp  is  an  adjustment  factor  which  modifies  Xp^  as 
a function  of  the  package  style  and  materials.  Its 
values  arc  in  Figure  2.4-1. 

2.4.2  n Adjustment  Factors 

2. 4. 2.1  Temperature  Adjustment  Factor, 

adjusts  the  model  for  temperature  acceleration  factors.  The 
values  in  Figure  2.4-1  are  derived  from 


where  x 


n 


T 


X 


= e 
-3411 


1 1 
T 2l2  ~ 


for  if  the  temperature 


("O  of  the  package  mounting  base  is  known,  and 


X -- 


-3794  ( 


) for  if  the  highest 


T + 27  3 

temperature  (‘’C)  within  the  hybrid  package  is  known. 
n,j,  values  arc  invalid  at  package  mounting  base  temperatures 
above  i2'j'\'  or  lor  liol.  spot;  temperatures  above  175°C. 


2. 4. 2. 2 llnvironmenla  1 Adjustment  Factor,  tij. 


Ilj,  aeeoLini:;  for  i.he  influence  of  environmental  factors  other 
than  tf'n.pcr.it.ui'c . KcM'er  lo  tlie  environment  description  in  the 

.ippeiul  1 X . 


2. 4. 2. 3 Quality  Factor, 

n ^counts  for  effects  of  different  quality  levels.  Classes 
A,  B and  C devices  are  those  which  have  been  subjected  to,  and  passed 
all  requirements,  tests,  and  inspections  specified  in  Methods  5004 
and  5006  of  MIL-STD-883,  including  screening,  qualification,  and 
quality  conformance  inspection  requirements  for  the  specified  class. 

2. 4. 2. 4 Circuit  Function  Adjustment  Factor, 

n adjusts  the  model  for  circuit  function,  (i.e.  , digital  or 
F 

linear) . 
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2 . 5 Operational/Non-Operational  Failure  Rate  Comparison 
2.5.1  Bipolar  Digital  and  Linear  SSI/MSl  Devices 

A comparison  of  the  failure  rates  for  non-operational  and 
operational  environments  was  made  using  the  non-operating 
model  and  the  MIL-HDBK-217B  operational  model.  The  comparison 
is  presented  in  Figures  2.5-1.  Failure  rates  for 
several  operating  conditions  were  predicted  to  present  a range 
for  comparison.  The  non-operating  prediction  was  made  at  a 
nominal  ambient  temperature  of  25  degrees  centigrade. 

Comparing  the  digital  devices  with  aluminum  metallization 
and  aluminum  wire  gave  an  operating  to  non-operating  ratio  of 
6 and  8 for  Class  A,  small  scale  integration  (SSI)  , digital 
devices  at  two  operating  junction  temperatures:  35 °C  and  75 °C; 
for  Class  B the  ratios  were  3 and  5;  for  Class  C devices,  22 
and  29;  and  for  Class  D,  82  and  108. 

For  medium  scale  integration  (MSI) , the  ratios  for  Class  A 
were  15  and  24;  Class  B,  8 and  14;  Class  C,  51  and  84;  and 
Class  D,  193  and  317. 

Comparing  the  linear  devices  with  aluminum  metallization 
and  aluminum  wire  gave  an  operating  to  non-operating  ratio  of 
10  and  25  for  Class  A,  small  scale  integration  (SSI) , , linear 
devices  at  two  operation  junction  temperatures:  35 ®C  and  75 ®C; 
for  Class  B the  ratios  were  6 and  14;  for  Class  C devices, 

36  and  88;  and  for  Class  D,  133  and  329. 

For  medium  scale  integration  (MSI) , the  ratios  for  Class  A 
were  37  and  125;  Class  B,  21  and  71;  Class  C,  133  and  443;  and 
Class  D,  501  and  1662. 

Failure  rates  for  digital  devices  with  aluminum  metalliza- 
tion and  gold  wire  were  also  compared.  Since  MIL-HDBK-217B  uses 
one  prediction  model  for  both  metallization  systems,  the 
operating  failure  rates  are  the  same.  For  the  non-operating 
failure  rate,  the  aluminum  metallization,  gold  wire  systems 
exhibited  a significantly  higher  failure  rate,  therefore  the 
ratios  are  considerably  different  - so  different  that  in  some 
cases,  the  non-operating  failure  rate  is  higher  than  the 
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operating  failure  rate.  The  ratios  for  Class  A,  SSI  Digital 
devices  at  the  two  junction  temperatures  are  0.6  and  0.8; 
for  Class  B,  0.4  and  0.5;  for  C,  2.2  and  2.9  and  for  Class  D, 

0 . 7 and  0.9. 

For  MSI  devices,  the  ratios  for  Class  A were  1.5  and  2.4; 
Class  B,  .8  and  1.4;  Class  C,  5.2  and  8.5;  and  Class  D,  1.6 
and  2.6. 

Failure  rates  for  linear  devices  with  aluminum  metalliza- 
tion and  gold  wire  were  also  compared.  For  the  non-operating 
failure  rate,  the  aluminum  metallization,  gold  wire  systems 
exhibited  a significantly  higher  failure  rate,  therefore  the 
ratios  are  considerably  different  - so  different  that  in  some 
cases,  the  non-operating  failure  rate  is  higher  than  the 
operating  failure  rate.  The  ratios  for  Class  A,  SSI  linear 
devices  at  the  two  junction  temperatures  are  1.0  and  2.5;  for 
Class  D,  0.6  and  1.4;  for  Class  C,  3.6  and  8.8  and  for  Class  D, 
1.1  and  2.8. 

For  MSI  devices,  the  ratios  for  Class  A were  3.8  and  12.5; 
Class  D,  2.2  and  7.1;  Class  C,  13.4  and  44.4;  and  Class  D,  4.2 
and  13.9. 

Since  most  missile  materiel  are  in  the  Class  B or  Class  A 
quality  range,  average  operating  to  non-operating  factors  can 
be  defined  as  presented  in  Table  2.5-1. 


✓ 


2.5-2 


H 

tM 

a 


Q 

0 

•*< 

0} 

rH 

<N 

1 

Ui 

CQ 

Q 

X 

I 

•J 


tn 

w 0) 

0)  -p 

+J  (U 

ITl  o 

o 

o 

tN  fN 


U) 

to  0) 

OJ  -P 

•P  (0 

n o 

C3 

o 

CN  <N 


rH 

CN 

n 

Hi* 

C 

u c 

U C 

u c 

0 

0 O 

0 0 

0 O 

•H 

cO  *H 

in  -H 

in  *H 

p 

CH  4J 

m 4-> 

4J 

•H 

*H 

•H 

‘H 

^3 

II  -o 

II  T) 

II  'T3 

C 

c 

c 

C 

0 

o 

0 

O 

U 

EH  O 

Eh  U 

EH  U 

O 

M 

£■< 


in 

O 

O 

o 

M 

EH 

• 

• 

• 

• 

Eh 

CT\ 

CN 

m 

X 

H 

H 

CN 

m 

r' 

< 

o 

CN 

P< 

CJ 

<N 

S5 

O 


00  03  O 


2 

M 

El 

W 

(X 

O 

'v, 

U 

2 

M 

E-t 


CO  E^ 


^8 


o>  o^  rH 
rH  m CN 
CN 


2 
O O 

M M 
EH  E^ 


<4*  •3’  «3>  r~ 
(N  iH  00  rH 

ro 


CO  fH 
E-  2 
K X 
< O 
fX  o 


r'  o o>  00 

• ■ • • 

rH  r-l  lO  t— I 


<• 


2 
O o 

H M 
Eh  Eh 


-^in  u3 

• • . . 

CN  rH  00  CM 


a 

2 

o 

u 

CO 


O rH  CM  O 
(M  -rr  (H  CM 
cn  rH 
(H 


H CM  iX)  O 


U 


ro 

O § 
M H 
Eh  Eh 
«:  H 

« a 
2 
o 
u 


00  CO  00 
(M  O 


ro 

O § 
M M 
Eh  Eh 
*£  H 
« Q 
2 

8 


00  ir>  o^  CJ' 

» • » • 

CM 


• 

• 

• 

« 

s 

CM 

CM 

r-H 

m 

in 

« 

H 

rH 

rH 

\o  ' 

••  2! 

2 

Q 

rH 

o 

14  O O 

O O 

in  00  CM  VO 

2 

H 

s 

R M H 

m 

00  iH 

ro 

H 

H 

• • * » 

o 

D 

H EH  Eh 

rH 

m 

ov 

&H 

(H  in  iH 

Ul 

►4 

S ^ h; 

• » 

< 

H 

M 

2 Q 

2 

o 

CM 

rt! 

S 2l 

5 

2 

Ph 

2 O 

H 

O 

2 

2 U 

2 

o 

O 

ON 

cn 

O 

H 

H 

» 

f 

• 

• 

2 

X h! 

Q 

rH 

• 

EH 

CN 

<N 

rH 

M 

2 

cn 

H 

rH 

CM 

o 

O 

Eh 

2 2 

Q 

2 

VO  HT  CM  r- 

Wl 

Q 

CM 

<n 

H o o 

U 

o 

O 

f • • • 

S 

2 

rH 

« 

M H 

H 

H 

CM 

o 

O 

U 

■*  H Eh 

VO 

m (N 

(N 

EH 

s 

U 

CU 

2 H 

(M 

00 

2 

nS 

H 

o 

o 2 a 

O 

2 

p 

c 

rH 

1 

H 2 

H 

s 

o 

2 

EH  O 

O 

•H 

2 

O 

< O 

< 

u 

rH 

O 

r* 

r- 

in 

2 

^3 

N 

rH 

H 

t 

• 

• 

• 

M (X  M 

H 

IX 

Eh 

m 

o 

in 

m 

pj  o 2 Ht 

in 

o 

2 

« 

p 

H 

rH 

00 

o 

a 1 D w 

VO  Hi* 

Hi* 

M 

1 

2 

M 

Q 

cu 

S 2 P>  Eh 

00 

o ov 

00 

2 

2 2 

(V  m (H  |H. 

M 

2 

Eh  o M 

• 

• • 

• 

EH  O PI 

< 

f « 

Q) 

p 

W 2 < « 

ov 

2 

< 

2 

00  o cn  fH 

CU 

O 

S Cm 

s 

1 m (H  (•' 

rH 

n 

>H 

X >H 

>i 

0) 

H 

2 Eh 

1 

5 

Eh 

M 

Eh  (0 

2 W (0 

2 

H 

M 

3 

< m u Q 

M 2 l/) 

K S *< 

' C OQ  U O 

% 

i 

•<  p u a 

iH 

•H 

D PI 

2 2 2 

1 

2 

2 

m 

ao 

2 dO 

ao 

(H 

< 

< 

2.5-3 


FIGURE  2 . 5-1 . MONOLITHIC  BIPOLAR  DIGITAL  DEViL.-:  OPERATIONAL/ 
NON -OPERATIONAL  FAILURE  RATE  COMPARISON 
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FIGURE  2.5-2.  MONOLITHIC  BIPOLAR  LINEAR  DEVICE  OPERATIONAL/ 

NON-OPERATIONAL  FAILURE  RATE  COMPARISON 


TABLE  2.5-1. 


AVERAGE  OPERATING  TO  NON-OPERATING  FAILURE  RATE 
RATIO  ALUMINUM  METALLIZATION/ 

ALUMINUM  WIRE 


COMPLEXITY 

LEVEL 


SSI 

MSI 


AVERAGE  OPERATING  TO  NON- 
OPERATING  FAILURE  RATE  RATIO 

Digital Linear 


5 14 

14  71 


ALUMINUM  METALLIZATION/GOLD  WIRE 


COMPLEXITY 

LEVEL 


SSI 

MSI 


AVERAGE  OPERATING  TO  NON- 
OPERATING FAILURE  RATE  RATIO 


Digital 

.5 

1.4 


Linear 

1.4 

7.1 


The  quality  factors  in  the  non-operating  prediction  model 
for  a device  with  aluminum  metal/gold  wire  systems  were  esti- 
mated from  the  aluminum  metal/alununum  wire  system. 

2.5,2  Hybrid  IC  Devices 

A comparison  of  the  failure  rates  for  non-operational  and 
operational  environments  was  made  based  on  two  hybrid  circuits 
representative  of  the  non-operating  data.  The  operational 
failure  rates  were  calculated  from  the  MIL-HDBK-217B  operational 
model  as  shown  in  Figure  2.5-2.  For  the  digital  circuit,  a 
failure  rate  of  81  fits  was  calculated  and  559  fits  for  the 
linear  circuit.  The  average  non-operating  failure  rate  for 
these  devices  was  35.1  fits,  therefore,  the  operating  to  non- 
operating ratio  for  those  circuits  range  from  2.3  to  15.9. 
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figure  2.5-2 


ormSM'IONM,  rMLURn  rate  calculation  for  two  hybrid  circuits 

circuit  1 CircuitJ, 

P.ck.co  Type  20  pin  F>otal  flat  pack  22  pin  metal  flat  pack 

\2£h23!Ll)l^  ^ 555  (o„e  layer) 

Substrate  Size  ^ ^ 

Internal  Load 

70 

Terminatrons 
Internal  Chips 

4-2  ejato  ^ ^ 

Op  An\p 

NFN,Si,SW  Trans.  ^ ^ 

NPN,Si,  Lin.  Trans. 

PNr,Si,.SW  Trans.  ^ ^ 

PNP,Si,Lin.  Trans.  ^ 

Signal,  Si,  Diode  G ^ 

Coratnic  Capacitor  2 

in  26 

Film  Resistors  ±5'l 

Oround  Fixed  Ground  Fixed 

Environment  Ground  i ixca 

^ (nnibicut)  25 °C  (ambient) 

Tempera ture  ..a  C vamoicnr;  ^ 

Screen  Class  ® , 

TUirk  Thick 

Techno-logx  auick 

Calculation 

^ .02 


e/A  , 
\ 


A \ 
s t' 

'pi  ''pi 
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25°C  (ambient) 


B 

B 

iiick 

Thick 

.02 

.02 

141. 

.15244 
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302.9 
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.0022 

.00732 
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.0012 

.00312 
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.50006 

.0265 

.02725 

.101 

.559 

.00  1 
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2 • 6 Conclusions  and  Reconimendations 

The  models  presented  in  section  2.1  for  monolithic  bipolar 
SSI/MSI  digital  and  linear  integrated  circuits  can  be  used  as  a 
method  of  prediction  failure  rates  for  these  devices. 

The  analysis  indicates  that  a single  metal  should  be  used 
for  the  contact  metallization  and  interconnection  interface. 

The  all-aluminum  system  shows  a definitely  more  reliable  storage 
capability  than  the  alumintun  metallization/gold  wire  system.  Data 
on  the  Beam  Lead  Sealed  Junction  device  with  gold  beams  is  not 
available  on  the  linear  devices. 

In  both  user  surveys  and  high  temperature  storage  tests , 
wire  bond  failures  were  prominent. 

For  the  aluminum  metallization/aluminum  wire  systems,  the 
principle  problems  were  wire  bonds  and  oxide  defects  or  contamina- 
tion . 

Screens  or  tests  recommended  for  wire  bonds  include  centri- 
fuge, temperature  shock/cycling,  power  cycling,  mechanical  shock 
and  bond  pull  tests.  Due  to  the  low  mass  of  aluminum  wires,  the 
temperature  shock/cycle,  power  cycle,  and  bond  pull  tests  would 
be  most  effective. 

Screens  or  tests  recommended  to  weed  out  oxide  defects  include: 
Operating  AC  and  DC  with  temperature;  high  temperature  reverse 
bias;  power  cycling;  elevated  temperature  storage;  and  visual 
inspection. 

In  the  MIL-STD-883  screen,  temperature  cycling  is  required 
for  Class  A,  B and  C devices  while  temperature  shock  is  only  re- 
quired for  Class  A devices.  Burn-in  and  final  electrical  tests 
at  maximum  and  minimum  operating  temperatures  are  required  for 
Class  A and  B devices.  Reverse  bias  burn-in  is  only  required  for 
Class  A MOS  and  linear  devices  when  specified.  Visual  inspection 
is  required  for  Class  A and  B devices. 

Depending  on  whether  Class  A,  B or  C devices  are  specified 
in  the  procurement,  it  may  bo  desirable  to  specify  more  screens 
and/or  quality  conformance  tests  which  are  related  to  wire  bond 
and  oxide  reliability. 
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Effects  of  periodic  testing  or  operational  cycling  of  devices 
which  are  in  a storage  or  dormant  environment  has  not  been  addressed 
here.  The  data  does  not  identify  the  effects  of  cycling.  One 
special  test  was  performed  to  determine  cycling  effects  on  1000 
digital  devices  but  after  18  months,  no  failures  were  experienced. 
The  testing  was  performed  under  controlled  conditions. 

Lack  of  sufficient  data  on  LSI  devices,  MOS  devices  and 
memories  precludes  any  conclusions  on  these  devices. 

2 . 7 Reference 

2,7.1  Report  LC-78-IC1,  "Monolithic  Bipolar  SSI/MSI  Digital  & 

Linear  Integrated  Circuit  Analysis'* 

The  information  presented  for  digital  and  linear  devices  is 
a summary  of  document  number  LC-78-IC1,  "Monolithic  Bipolar  SSI/MSI 
Digital  & Linear  Integrated  Circuit  Analysis,"  dated  January  1978. 
Refer  to  this  document  for  details  of  the  data  collection  and 
analysis,  development  of  models,  definition  of  failure  mechanisms, 
and  technical  description  of  the  devices  themselves. 
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2.7.2  Report  DD14-23,  Reliability  Factors  for  Electronic 
Components  in  a Storage  Environment 
The  data  analyzed  in  Sections  2.1  through  2.6  is  on  devices 
stored  for  up  to  nine  years.  A separate  study  has  been  conducted 
on  microelectronic  failure  mechanisms  for  up  to  twenty  years 
storage  time  by  the  Georgia  Institute  of  Technology;  This  report, 
prepared  for  the  U.  S.  Array  Missile  Research  and  Development 
Command,  considers  physical  and  chemical  properties  of  the  elec- 
tronic devices  and  the  environments  in  which  a device  may  be  sub- 
jected from  processing  through  twenty  years  of  field  storage.  Con- 
clusions from  this  report  are  contained  below.  For  details,  the 
reader  is  referred  to  Report  DD14-23,  "Reliability  Factors  for 
Electronic  Components  in  a Storage  Environment,"  by  B.  R.  Livesay 
and  E.  J.  Scheibner,  Applied  Sciences  Laboratory,  Engineering 
Experiment  Station,  Georgia  Institute  of  Technology,  September,  1977. 


1.  The  most  important  environmental  forcing  functions,  or 
stresses,  in  storage  are  mechanical,  chemical  and  low  thermal. 
Mechanical  stresses  occur  due  to  thermal-mechanical  interactions 
and  residual  stresses.  Chemical  stresses  result  from  contami- 
nants such  as  residual  process  chemicals  and  environmental  gases 
which  are  introduced  through  improper  or  failed  seals.  Although 
purely  thermal  stresses  have  much  less  importance  in  storage 
than  operating  environments,  certain  low  temperature  reaction 
rates  and  diffusion  processes  are  temperature  dependent. 

2.  The  synergism  of  the  three  primary  storage  stresses  is  criti- 
cal. Any  one  of  the  three  acting  alone  may  not  be  particularly 
damaging  but  the  combined  effect  of  two  or  three  forcing  func- 
tions acting ^together  is  likely  to  cause  device  failures. 

3.  Environmental  extremes  for  Army  missiles  in  storage  have  in- 
volved temperatures  of  -50°C  to  +75*0,  diurnal  cycling  of  70‘’C, 
100  percent  relative  humidity,  direct  sea  spray,  industrial 
pollutants,  some  mechanical  shock  and  fungus. 
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4.  Th<»  foilure  mechanlaint  of  graataat  importune©  in  stor«gQ  hav@ 
boon  identified  es  those  related  to  various  marginal  manufacturing 
mistakes,  corrosion  processes  and  mechanical  fracture.  Electri- 
cal or  potential  current  induced  degradation  processes  should 

not  be  important  in  the  storage  environment.  Moisture  within  a 
package  is  probably  the  most  important  factor  for  both  corrosion 
and  mechanically  induced  failures  in  storage.  Chemicals  including 
moisture  trapped  within  a package  due  to  improper  cleaning  or 
because  of  evolution  from  materials  such  as  polymers  are  a 
critical  concern  for  long-term  reliability.  The  package  seal  is 
also  critical  for  keeping  out  atmospheric  contaminants.  Thermal- 
mechanical  stresses  aided  by  chemical  agents  will  cause  crack 
propagation  in  seals,  passivation  layers,  bonds,  metallisation 
layers  and  the  silicon  chip. 

5.  New  manufacturing  methods  such  as  the  Tape  Automated 
Bonding  technology  should  be  continually  evaluated  to  determine 
if  there  are  potential  storage  failure  mechanisms.  For  example, 
are  there  detrimental  effects  in  a storage  environment  from 
probable  impurities  introduced  during  bump  plating  and  bonding 
operations? 

6.  The  presence  of  defects  such  as  impurities,  dislocations, 
microcracks,  interfacial  faults  and  grain  boundaries  in  the 
materials  of  a microcircuit  structure  can  result  in  failure  due 
to  low  temperature  atomic  diffusion  processes. 

7.  The  design  of  circuit  configurations  along  with  the  choice  of 
materials  for  electronic  systems  placed  in  storage  should  be  based 
on  a sound  understanding  of  potential  degradation  processes  in 
expected  storage  environments. 

8.  Particulate  matter  is  one  of  the  dominant  concerns  as  a 
storage  failure  mechanism. 
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9.  The  lu?rmot;ic'itY  of  microoloctronic  packages  is  an  important 
concern  for  long-torm  storage  conditions.  The  screen  test  for 
dutorminintj  tho  ef f'cetivonesa  or  hermeticity  of  the  package 
seals  inciudoB  a fine  leak  rate  test.  The  maximum  allowable 
leak  rate  specif ied  for  this  tost  should  be  lowered  to  10 

atm  cm  sec  for  dovicos  that  are  expected  to  be  stored  be- 
Cv^uso  of  tho  exchange  of  gases  between  the  initial  package 
ambient  and  the  external  storage  environment  for  packages  with 
a finite  size  leak. 

10.  All  microcircuit  packages  should  be  vacuum  baked  at  150°C 
for  at  least  4 hours  and  sealed  in  dry  nitrogen  without  ever 
being  exposed  to  moisture  containing  gases  such  as  air.  The 
moisture  content  of  the  nitrogen  sealing  chamber  should  be 
less  than  100  ppm. 

11.  Significant  improvements  are  needed  in  the  measurement 
technology  for  moisture  and  other  gases  in  microcircuit  pack- 
ages. Current  methods  are  too  expensive  and  complicated 
while  providing  insufficient  sensitivity  and  wide  variations 
in  numerical  values  for  supposedly  identical  gas  contents. 

12.  Tho  Ciolds  across  a thin  gate  oxide  in  MOS  devices  can 
often  approach  tho  dielectric  strength  of  the  oxide.  However, 
because  of  various  factors  that  are  not  easily  controlled  the 
breakdown  voltages  have  a range  of  values.  Consequently,  any 
application  of  potentials  to  the  gate  electrode  can  be  a 
possible  cause  of  oxide  breakdown,  particularly  when  static 
charging  is  not  avoided  or  if  there  are  voltage  transients 
present  in  ground  test  equipment. 

13.  Tho  use  of  plastics  introduces  high  risks  of  differential 
expansion  problems  wliich  result  in  mechanical  damage  such  as 
pulling  apart  loads. 

14.  Whenever  polymeric  materials  are  employed  for  die  attach 
within  hybrid  microcircuit  packages,  they  must  be  proved  com- 
patible with  all  enclosed  electronic  materials.  No  chlorine 
or  other  halogen  containing  materials  should  be  sealed  in  any 

2.7-4 


circuitry  components.  Polymers  used  should  be  simple  hydro- 
carbons or  compounds  of  carbon,  hydrogen  and  oxygen.  Nitrogen 
containing  polymers  should  be  considered  with  skepticism.  The 
responsibility  for  proof  of  compatibility  should  be  with  the 
manufacturer  for  specific  epoxies  and  circuit  element  combina- 
tions. 

15.  Missiles  placed  in  storage  should  never  contain  electronic 
parts  employing  polymers  for  package  seals.  Polymers  will 
transmit  moisture  and  other  gases. 

16.  Screening  and  accelerated  testing  procedures  of  Army  missiles 
must  have  steps  determined  by  potential  storage  failure  processes. 
There  is  doubt  that  the  screening  sequence  contained  in  MIL-STD- 
883A  is  fully  appropriate  to  the  storage  environment. 

17.  There  is  widespread  controversy  about  the  optimum  number  of 
cycles  in  a temperature  cycling  screen  test.  Opinions  vary  from 
25-300  cycles  for  effective  screening  but  the  use  of  only  10 
cycles  is  not  considered  to  be  of  any  value.  Results  of  the 
Rockwell  International  screen  test  program  have  not  resolved 
this  question. 

18.  Thermal  shock  should  never  be  used  as  a screen  test  stress 
for  hermetic  devices  placed  in  stored  missile  systems. 

19.  The  metallurgical  consequences  of  an  upper  limit  of  150® 
vs.  125®C  for  temperature  cycling  and  stabilization  bakes  with 
regard  to  solders  should  be  investigated. 

20.  High  temperature  burn-in  is  a relatively  effective  screen 
for  failure  modes  having  high  activation  energies.  For  oxide 
defects  the  failure  mode  has  a much  lower  activation  energy. 

The  high  temperature  burn-in  is  then  not  particularly  useful. 

An  over-voltage  stress  should  be  investigated  for  screening  MOS 
devices  for  oxide  defects. 

21.  Complex  MOS/LSI  microcircuits  require  a different  approach 
to  reliability  than  mere  application  of  MIL-STD-883  screens. 
Attention  to  good  quality  control  at  the  process  level  and  the 
development  of  more  appropriate  screens  are  essential  to  improved 
reliability.  In  addition,  the  use  of  a specially  designed 
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process  evaluation  circuit  providing  device  materials  parameters 
at  the  wafer  level  should  be  required  for  high  reliability  devices 
This  circuit  should  also  be  useful  for  developing  and  evaluating 
the  effectiveness  of  screens. 

22.  The  philosophy  necessary  for  developing  meaningful  screen 
testing  parameters  is  to  concentrate  on  determining  the  stress- 
duration  levels  required  to  reveal  well  defined  device  faults. 

The  capability  is  therefore  needed  for  fabricating  devices  with 
deliberate  defects  of  desired  type,  severity  and  number. 

23.  Only  general  environmental  data  are  currently  available  for 
the  temperature,  environmental  gases,  vibration,  etc.  expected 
in  storage.  There  is  need  for  specific  information  concerning 
the  interior  of  a missile  in  storage  in  order  to  make  judgments 
concerning  future  reliability  factors.  The  chemical  factors 
associated  with  moisture,  evolved  gases  and  fungus  need  to  be 
developed  at  four  levels: 

1.  Within  the  storage  structure  (igloo,  shed,  etc.) 

2.  Within  the  missile  container 

3.  Within  the  missile  electronic  system  compartment 

4.  Within  individual  component  packages. 

A measurement  program  should  be  established  so  that  actual  data 
will  be  available  concerning  these  factors. 

24.  The  effectiveness  of  desiccant  materials  used  within  Army 
missiles  sliould  be  evaluated.  This  topic  was  not  pursued  during 
this  program  but  questions  were  raised  by  several  organizations. 

25.  The  various  types  of  missile  storage  containers  should  be 
evaluated  to  determine  how  well  they  protect  missiles  from  storage 
environments  most  critical  to  the  electronic  systems. 

26.  Procedures  should  be  in  effect  to  close  the  loop  concerning 
the  detailed  analysis  of  parts  failing  in  service  and  manufac- 
turing parameters.  Failures  in  field  environments  are  generally 
more  severe  than  indicated  by  initial  predictions.  Feed-back 
from  service  failures  should  be  available  to  guide  design 
decisions  of  future  systems. 


27.  Future  efforts  in  storage  reliability  should  be  directed 
towards  determining  the  response  of  materials  in  microcircuit 
structures  to  the  storage  environmental  forcing  functions . 

This  will  require  the  application,  and  in  some  cases,  the 
development  of  advanced  measurement  techniques  in  order  to 
determine  chemical,  mechanical  and  thermal  threshold  levels  for 
device  degradation  processes.  Particular  emphasis  should  be 
placed  on  quantitative  evaluations  of  moisture  induced  failure 
processes  so  that  contaminant  requirements  can  be  established. 

The  basic  threshold  levels  for  degradation  have  to  be  established 
before  effective  screens  and  accelerated  test  methods  can  be 
designed. 

28.  Measurements  of  permeabilities,  diffusion  coefficients, 
and  solubilities  of  water  in  representative  polymers  should  be 
made  so  that  good  data  are  available  and  effects  of  temperature, 
pressure,  mechanical  strain,  previous  sorption,  and  synergism  of 
two  or  more  penetrants  be  understood.  Data  on  thermal  expansion, 
glass  transitions,  and  viscoelastic  responses  of  polymer  en- 
capsulants  and  adhesives  are  too  meager  for  design  of  circuit 
systems.  Measurements  are  needed  here. 

29.  Age  sensitive  materials  used  in  missile  systems  must  be 
well  characterized.  Missile  storage  reliability  is  determined 
by  the  stability  of  the  materials  used  to  fabricate  individual 
parts  within  the  system  while  exposed  to  the  storage  environ- 
ment of  a tactical  missile.  There  is  a strong  need  for  com- 
piling material  degradation  data  from  the  technical  literature, 
directed  experiments  and  theoretical  calculations. 


2.7.3  Report  MDC  E1601  Final  Report  - Storage  Reliability  of 
Missile  Materiel 

The  report  documents  another  study  performed  for  the  U.  S. 

Army  Missile  Research  & Development  Command.  The  study  conducted 
accelerated  life  tests  on  selected  missile  parts  to  provide  a 
"before  the  fact"  indication  of  storage  reliability  potential. 

It  assessed  twenty-one  part  types,  including  both  "active" 
parts  (integrated  circuits,  transistors,  and  diodes)  and  passive 
parts  (resistors,  capacitors,  and  inductors).  The  objectives  of 
the  program  are  as  follows: 

° To  generate  and  execute  designed  experiment  test  plans 
for  accelerating  the  failure  mechanisms  and  inducing 
failures  relating  to  non-operating  and  storage  conditions 
for  selected  items  of  microelectronic  and  semiconductor 
hardware . 

° To  analyze  the  data  obtained  from  accelerated  testing  of 
the  selected  items,  using  such  techniques  (but  not  limited 
to)  as  the  Arrhenius  model  and  regression  analysis  to 
generate  meaningful  predictions  of  failure  rates  (MTBF) 
for  the  devices  under  actual  storage  conditions. 

^ To  determine  by  use  of  Analysis  of  Variance  Techniques 
(or  other  suitable  techniques)  the  relative  effects  of 
quantitative  and  qualitative  variables  on  the  reliability 
of  the  tested  material  when  subjected  to  long  non-operating 
periods . 

A brief  sunmiary  of  the  results  are  shown  in  Table  2.7-1. 

For  details  the  reader  is  referred  to  Report  MDC  E1601, 

Final  Report  - Storage  Reliability  of  Missile  Materiel,  McDonnell 
Douglas  Astronautics  Company  - East,  29  April,  1977. 
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3 ® Diacroto  Semiconductors 

This  aoction  contains  a aurnnvary  of  the  analyses  and 
data  on  dlscroto  semiconductors-tranaistors  and  diodes.  Boint.i 
special  types  of  aoroiconductors , failure  modes  and  mechanisms 
affecting  transistors  and  diodes  are  similar  to  those  found  in 
other  semiconductors  discussed  in  Section  2.1.  Also  applicable 
are  the  causes,  accelerating  environments  and  detection  methods. 
That  information  is  well  covered  in  Section  2.1  and  will  nut 
be  repeated  in  detail.  Only  differences  between  discrete  setffi- 
oonductors  and  integrated  circuits  will  be  discussed. 

3 . 1 Storage  Reliability  Analysis 

3.1.1  Failure  Mechanisms 

The  failure  mechanisms,  causes, accelerating  environmepts 
and  detection  methods  characteristic  of  transistors  are  found 
in  Table  2,1-2,  As  in  all  semiconductors,  transistors  do  not 
appear  to  have  failure  mechanisms  inherent  to  the  concept  of  the 
device.  All  of  the  mechanisms  are  initiated  by  deficiencies  in 
the  materials  and  fabrication  processes  used  during  manufacture 
of  the  devices. 

The  difference  between  discrete  transistors  and  integrated 
circuits  lies  in  the  physical  sxze  and  number  and  complexity  of 
manufacturing  processes.  Compared  to  the  average  integrated 
circuit,  a transistor  is  a relatively  simple  device.  There  are 
fewer  number  of  junctions  and  leads.  The  distances  between 
different  parts  of  the  device  are  larger.  The  manufacturing 
processes  are  fewer  and  simpler.  Although  the  failure  mechanisms 
are  similar  to  those  in  integrated  circuits,  the  above  differences 
tend  to  shift  their  emphasis.  Bulk  defects  are  more  common  due 
to  the  larger  blocks  of  silicon  required  thus  increasing  the  prob- 
ability of  crystal  imperfections.  Imperfections  collect  mobilized 
contaminants  res\iltinq  in  breakdown,  leakage,  gain  failures  and, 
in  high  powe?  devices,  thermal  runaway.  Diffusion  defects  ata 
not  as  critical  due  to  the  lower  density  of  diffusions.  Oxide 
and  metallization  defects  are  not  as  pronounced  as  in  integrated 
circuits  because  the  metallization  patterns  are  much  simpler. 
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A larqo  pi'rcont'.aqo  of  transistor  fniluroa  arc  the  rosult 
of  die  and  wiro  bondinq  dofocta.  Contamination,  both  ambient 
and  within  tl\o  material,  is  also  a serious  problem  in  transistors. 

The  failure  meclianisma  of  diodes  are  similar  to  those  found 
in  trai\sistors . The  mechanisms,  causes,  accelerating  environments 
and  detection  methods  presented  in  Table  2.1-2  apply  and  will  not 
be  repeated  here.  In  addition  to  those  mechanisms  in  Table  2.1-2, 
alloy  bonded  and  point  contact  diodes  can  develop  intermetallic 
compounds  at  the  junction,  however,  this  has  not  been  noticed  to 
bo  a severe  problem.  Loss  of  contact  is  also  a potential  problem 
in  spring  loaded  cortacts.  This  happens  when  the  contact  material 
loses  its  compression  strength  or  by  slipping  off  the  contact. 


3,1.2  Discrete  Semiconductor  Non-Operational  Prediction  Models 

The  non-operational  failure  rate  model  for  discrete  semi- 
conductors is: 

\ = X,  (n^  X n„)  X 10  ^ 

p D Q 

where:  X = device  failure  rate 

P 

X.  = base  failure  rate 
b 

IIq  = quality  adjustment  factor 

Ilg  = environmental  adjustment  factor 

The  model  and  values  for  Silicon  NPN  & PNP  and  Geirmaniuin 
NPN  & PNP  Transistors  are  presented  in  Figure  3.1-1;  and 
for  Field  Effect  Transistors  in  Figure  3.1-2. 

Non-operating  data  on  Unijunction  transistors  was  in- 
sufficient to  develop  a non-operating  prediction  at  this  time. 

The  model  and  values  for  General  Purpose  Silicon  and 
General  Purpose  Germanium  Diodes  are  presented  in  Figure  3.1-3; 
for  Zener  and  Avalanche  Diodes  in  Figure  3.1-4;  and  for  Micro- 
wave  Diodes  in  Figure  3.1-5. 

Non-operating  data  on  thyristors  and  varactors  was  in- 
sufficient to  develop  a non-operating  prediction  at  this 
time. 

In  the  models,  the  base  failure  rate,  Xj^#  is  1.76  fits 
(failures  per  billion  hours)  for  silicon  transistors;  1.15 
fits  for  field  effect  transistors ;i . 51  fits  for  general  pur- 
pose diodes;  and  0.31  fits  for  Zener  and  Avalanche  Diodes;  and 
2.45  fits  for  microwave  diodes. 

The  quality  adjustment  factor,  n^,  accounts  for  effects 
of  the  quality  levels  (JAN  and  JANTX)  as  defined  in  MIL-S- 
19500. 

The  environmental  adjustment  factor,  accounts  for 

the  influence  of  factors  other  than  temperature.  Refer  to  the 
environmental  description  in  the  Appendix. 
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3.1.3  Non-Operating  Failure  Rate  Data  and  Analysis 
3 . 1 . 3 . 1 Transistors 

The  failure  rate  models  in  Section  3.1.2  are  based  on 
storage  data  consisting  of  approximately  25  billion  hours  with 
54  failures  reported.  This  includes  data  from  nine  different 
programs.  The  breakdown  of  storage  hours  and  failures  for 
each  source  is  shown  in  Tables  3.1-2  through  3.1-10.  In  cases 
where  definition  of  device  type  and  application  was  not  possible, 
the  data  was  aggregated  into  a "general”  category. 

The  aggregation  of  storage  hours  and  failures  from  all  nine 
programs  is  summarized  in  Table  3.1-1.  This  table  presents  the 
aggregated  data  for  both  JANTX  and  JAN  rated  devices. 

Analysis  of  this  data  together  with  the  parameters  in  the 
MIL-HDBK-217B  model  indicated  very  little  difference  between 
the  failure  rates  of  silicon  NPN  and  PNP  transistors. 

The  storage  data  indicated  a difference  between  JAN  and 
JANTX  device  failure  rates  in  the  operational  and  non-operational 
environments.  While  the  MIL-HDBK-217B  operational  model  shows 
a factor  of  five,  the  storage  data  indicated  a factor  of  6+. 

Field  effect  transistor  data  indicates  for  JANTX  devices  to  be 
in  the  same  general  failure  rate  range  as  the  silicon  NPN  and 
PNP  devices.  Very  little  JAN  data  was  available  on  the  field 
effect  transistors  and  a factor  of  5 from  MIL-HDBK-217B  was 
used. 


Insufficient  data  on  unijunction  transistors  is  avail- 
able for  analysis. 

3. 1.3. 2 Diodes 


The  failure  rate  tables  in  Section  3.1.2  are  based  on 
storage  data  consisting  of  over  38  billion  part  hours  with 
65  failures  reported.  This  includes  data  from  eight  sources. 
The  breakdown  of  storage  hours  and  failures  for  each  program 
is  shown  in  Tables  3.1-12  through  3.1-19.  In  cases  where  the 
definition  of  device  type  and  application  was  not  possible,  the 
data  was  aggregated  into  a "general”  category. 
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The  aggregation  of  storage  hours  and  failures  from  all 
three  programs  is  shown  in  Table  3.1-11. 

Analysis  of  this  data  together  with  the  parameters  in 
the  MIL-HDBK--217B  model  indicated  very  little  difference  be- 
tween the  failure  rates  of  silicon  and  germanium  general  pur- 
pose diodes. 

The  storage  data  did  indicate  a greater  difference  be- 
tween JAN  and  JANTX  device  failure  rates  than  in  the  operational 
environment.  While  the  operational  model  shows  a factor  of  5, 
the  storage  data  indicates  a factor  of  15+. 

The  present  storage  data  on  zener  diodes  does  not  show  a 
difference  between  the  JAN  and  JANTX  devices.  The  JANTX  data 
shows  4 failures  in  approximately  1.8  billion  hours  for  a 
storage  failure  rate  of  3.12  fits  while  the  JAN  data  shows  no 
failures  in  0.8  billion  storage  hours  for  a failure  rate  of 
less  than  1.2  fits.  This  rate  is  approximately  six  times 
that  of  the  silicon  general  purpose  diodes  JANTX  quality. 

Only  JANTX  data  was  available  on  microwave  diodes  showing 
a failure  rate  of  32.6  fits. 

Insufficient  data  on  thyristor  and  varactor  diodes  is 
available  for  analysis. 
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3 . 1 . 3 . 3 Transistor  and  Diode  Data  Sources 

Missile  D data  consists  of  159  missiles  stored  for  periods 
from  one  month  up  to  62  months  for  an  average  storage  period  of 
17  months.  The  missile  storage  was  environmentally  controlled 
and  periodic  checkouts  were  performed.  The  data  includes 
approximately  2 billion  transistor  storage  hours  with  2 failures, 
and  0.6  billion  diode  storage  hours  with  one  failure.  The 
transistor  failure  records  indicated  one  degraded  transistor 
and  one  catastrophically  failed.  The  diode  failure  mode  was 
reported  as  open. 

Missile  E-1  data  consists  of  874  missiles  stored  for  20 
months.  The  missiles  were  stored  in  containers  exposed  to 
external  environmental  conditions  in  the  northeast  U.  S.  They 
were  also  transported  once  from  coast  to  coast.  The  data  in- 
cluded 766  million  transistor  part  hours  with  4 failures  reported 
and  1.7  billion  diode  storage  hours  with  8 failures  reported. 

All  of  the  devices  in  Missile  E-1  are  rated  MIL-STD. 

Missile  F data  consists  of  120  missiles,  60  of  which  were 
stored  for  one  year  and  60  for  two  years.  The  missiles  in 
storage  containers  experienced  the  following  environments: 

30  missiles  stored  outside  in  the  Arctic  on  wooden  racks  with 
canvas  covers;  30  missiles  stored  outside  in  the  southeast 
desert  under  open  sided  metal  roof  sheds;  30  missiles  stored 
outside  in  the  canal  zone  under  open  sided  metal  roof  sheds; 
and  30  missiles  stored  in  the  southeast  U.  S.  in  bunkers.  The 
data  includes  160  million  transistor  storage  hours  with  no 
failures  reported  and  168  million  diode  storage  hours  with  no 
failures  reported. 

Missile  G data  consists  of  39  missiles  stored  for  periods 
from  28  months  to  56  months  for  an  average  storage  period  of 
39  months.  The  missiles  in  storage  containers  experienced  the 
following  environments;  12  missiles  stored  outside  in  the 
southeast  desert;  12  missiles  stored  outside  in  the  northeast 
U.  S. ; 12  missiles  stored  on  the  Gulf  Coast;  and  23  missiles 
stored  in  bunkers  in  the  southeast  U.  S.  The  data  includes 
57  million  transistor  storage  hours  with  no  failures,  and  84 
million  diode  storage  hours  with  no  failures. 
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Missile  H data  represents  field  data  from  a recent  army 
missile  program  fielded  in  the  1970* s.  The  major  item  in  which 
the  devices  were  assembled  was  subjected  to  operating  times  at 
high  and  low  temperatures,  shock  and  vibration.  The  missiles 
were  transported  overseas  and  stored  for  various  lengths  of  time. 
No  tests  were  run  until  the  missiles  were  removed  from  storage 
and  returned  to  the  states.  Storage  durations  varied  from  6 
months  to  6 years  with  an  average  time  of  1.8  years.  Storage 
environments  included  cannister  time  in  a controlled  environ- 
ment, cannister  time  subject  to  outside  elements  and  missile 
time  on  pallets  and  on  launchers.  A number  of  samples  were  also 
run  through  road  tests  under  field  conditions.  The  data  includes 
10  billion  transistor  storage  hours  with  12  failures  reported, 
and  5 billion  diode  storage  hours  with  4 failures  reported. 

Missile  I data  consists  of  2.070  missiles  stored  for 
periods  from  1 month  to  40  months  for  an  average  storage  period 
of  14  months.  Approximately  80  percent  of  the  missiles  were 
stored  in  U.  S.  depots  while  the  remainder  were  stored  at 
various  bases  around  the  country.  The  data  includes  more  than 
4.6  billion  transistor  storage  hours  with  12  failures  reported 
and  5.1  billion  diode  storage  hours  with  3 failures  reported. 

Source  A represents  a reliability  study  performed  under 
contract  to  RADC.  This  source  identified  the  type  and  quality 
grades  for  the  devices,  however,  it  provided  no  information 
regarding  storage  conditions  or  individual  sources.  The  data 
for  source  A is  summarized  for  transistors  in  Table  3.1-8  for 
for  diodes  in  Table  3.1-18.  Both  MIL-STD  and  HI-REL  devices 


were  included. 


Source  D represents  a special  test  program  on  devices 
stored  in  an  environmentally  controlled  warehouse  for  up  to 
5 years.  Over  44  million  transistor  storage  hours  and  26 
million  diode  storage  hours  were  investigated  with  one  diode 
failure . 


3.1-12 
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Source  E represents  a second  special  test  program  with 
15.9  million  transistor  storage  hours  with  one  failure  recorded. 
The  storage  was  in  an  environmentally  controlled  facility. 
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TABLE  3.1-4.  MISSILE  F TRANSISTOR  NON-OPERATING  DATA 
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TABLE  3.1-9.  SOURCE  D TRANSISTOR  NO*l-C**ERATING  DATA  (JANTX) 
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TABLE  3.1-16.  MISSILE  H DIODES  NOS-OPEEATING  DATA  (JANTX) 
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TABLE  3.1-18.  SOURCE  A DIODES  NON-OPERATING  DATA 
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3 . 2 Discrete  Semiconductor  Operational  Prediction  Models 

The  MIL-HDBK-217B  general  failure  rate  model  for  transistors 
and  diodes  is : 

Xp  = (iig  X X iIq  X ng2  X n^)  x lo  , 

Where : ' 

X = device  failure  rate 
P 

Xj^  = base  failure  rate 

Ilg  = Environmental  Adjustment  Factor 
= Application  Adjustment  Factor 
~ Quality  Adjustment  Factor 

^S2~  Voltage  Stress  Adjustment  Factor 
= Complexity  Adjustment  Factor 

The  various  types  of  semiconductors  require  different  failure 
rate  models  that  vary  to  some  degree  from  the  basic  model.  The  spe- 
cific failure  rate  model  and  the  II  factor  values  for  each  group  are 
shown  in  figures  3.2-1  thru  3.2-15. 

The  base  failure  rate  and  adjustment  factor  values  presented 
in  the  figures  are  based  on  certain  assumptions.  See  section  3.2.1 
and  3.2.2  for  a description  of  these  parameters. 

Table  3.2-1  provides  a list  of  the  semiconductor  generic 
groups  with  a cross  reference  to  the  corresponding  figure  number. 

3.2.1  Base  Failure  Rate  {\^) 

The  equation  for  the  base  failure  rate,  is; 

, ^T  , ,273  + T + (AT)  S 

Xj^  = Ae  ' 273  +“”T  + (at)  S 'e  ' Tj^  ' 

Where 

A is  a failure  rate  scaling  factor. 

e is  the  natural  logarithm  base,  2,718 
N^,  Tj^  and  P are  shaping  parameters, 

T is  the  operating  temperature  in  degrees  C,  ambient  or  case, 
as  applicable  (see  Section  3.2.3  for  instructions), 

AT  is  the  difference  between  maximum  allowable  temperature  with 
no  junction  current  or  power  (total  derating)  and  the  maximum 
allowable  temperature  with  full  rated  junction  current  or  power. 


3.2-1 


TABLE  3.2-1  DISCRETE  SEMICONDUCTOR  OPERATIONAL 
PREDICTION  MODELS  CROSS  REFERENCE 


DISCRETE  SEMICONDUCTOR  TYPE 

GROUP 

FIGURE  # 

Silicon  NPN  Transistors 

I 

3.2-1 

Silicon  PNP  Transistors 

I 

3.2-2 

Germanium  PNP  Transistors 

I 

3^.  2-3 

Germanium  NPN  Transistors 

I 

3.2-4 

Field  Effect  Transistors 

II 

3.2-5 

Unijunction  Transistors 

III 

3.2-6 

Silicon  (General  Purpose)  Diodes 

IV 

3.2-7 

Germanium  (General  Purpose)  Diodes 

IV 

3.2-8 

Voltage  Regulator  & Voltage  Reference 

(Temp.  Compensated) (Zener,  Avalanche)  Diodes 

V 

3.2-9 

Thyristors 

VI 

3.2-10 

Silicon  Microwave  Detectors 

VII 

3.2-11 

Germanium  Microwave  Detectors 

VII 

3.2-12 

Silicon  Microwave  Mixers 

VII 

3.2-14 

Varactors , Step  Recovery  & Tunnel  Diodes 

VIII 

3.2-15 

'i^f  • '^"vj^Ti-H^s^v/ir^j-.r/fw' 


S is  the  stress  I'atio  of  operating  electrical  stress  tc 
rated  electrical  stress  (sec  Section  3,2.3  for  S calcu- 
lation) . 

The  values  for  the  constant  parameters  are  shown  in  Table 

3.2- 2.  The  resulting  base  failure  rates  as  functions  of  tempera- 
ture and  electrical  stress  are  shown  for  each  part  type  in  Figures 

3.2- 1  through  3.2-15.  These  failure  rates  are  based  on  the  typical 
maximum  junction  temperatures  (fully  derated)  of  100  degrees  C for 
germanium  (70  degrees  C for  microwave  types)  and  175  degrees  C for 
silicon  (150  degrees  C for  microwave  types)  as  well  as  a '.aiuc  of  1:5 
degrees  C for  the  maximum  temperature  at  which  full  rated  operatior. 
is  permitted.  If  device  temperature  ratings  are  differe.it  fro;  ..a.  s 
values,  see  Section  3.2.3  for  S calculations  to  compensa.i'  , o.  •.  ,.l. 
differences . 

The  base  failure  rate  tables  contain  failure  rates  up  to 
rated  conditions.  If  a particular  operating  condition  of  S and  T is 
high  enough  to  fall  into  a blank  portion  of  the  table,  ,the  device  is 
over-rated  and  should  not  be  used. 

3.2.2  n Adjustment  Faccors 

3. 2. 2.1  Environmental  Adjustment  Factor,  Jir. 

b 

rig  accounts  for  the  influence  of  environmental  factors  other 
than  temperature.  Refer  to  the  environmental  description  in  the 
Appendix. 

3. 2. 2. 2 Application  Adjustment  Fac  or, 

ri^  accounts  for  effect  of  application  in  terms  of  circuit 
function . 

3.2.2. 3 Quality  Adjustment  Factor, 

iIq  accounts  for  effects  of  different  quality.  The  quality 
levels  (JAN,  j.i^NTX,  JANTXV)  arc  as  defined  in  MIL-S-19500. 


TADLL'  3.2-2 

DlSL'Rl':'!’!':  SllMICONOUCrOR  BARE  FAILURE  RATE  PA1L\METERS 


' X,  Constants  1 

^ ^ 

G »H)  Vl'i' 

Part  Typo 

A 

BBI 

ATI 

T r .ins  1 r.  to r s 

Si  , 

Nl'N 

0.13 

-1052 

m 

n 

150 

Si  , 

PNP 

0.45 

-1324 

440 

150 

I 

G c , 

PNP 

6.5 

-2142 

B 

20.8 

■ 

Cc  , 

NPN 

21  . 

-2221 

B 

19 .0 

■ 

II 

FET 

0.52 

ng 

448 

13.0 

150 

III 

Unijunction 

mm 

-1779 

440 

DSI 

150 

Diodes 

Si, 

Gon . P urp  . 

0.9 

-2130 

448 

150 

IV 

G c ^ 

Gen . P urp  . 

126 

-3568 

37  3 

75 

V 

Zcncr/Avalunchc 

0.04 

.-80  0 

448 

14 

150 

VI 

Thyr 

is tors 

0.82 

-2050 

440 

9.6 

150 

n 

Mi  crowa  v<i 

So  , 

Uo  t c c to  rs; 

0 .33 

-A-J-f 

343 

15.6 

45 

i , 

Uo  to  c tors 

0,14 

~ 39  2 

423 

16.6 

125 

VI  l 

Go  , 

M i X 0 v s 

0 . 56 

-4  77 

343 

15.6 

45 

S i.  , 

Mi xo  rs 

0 .19 

-39  4 

423 

15 .6 

125 

V.i  vac  t o i' , 

B 

VI  1 I 

S 1 < • 1 ) 

]\oc:ovorY  ti. 

.93 

-1162 

■13.0 

150 

'I'unno  1 

■1 

2 -A 


3. 2. 2. 4 Voltage  truss  Adjuatmont  Factor, 

IIg2  adJustvS  the  modal  for  a second  eloctrical  stress 
(application  voltage)  in  addition  to  wattage  included  in  the 
base  failure  rate,  The  voltage  stress,  S2,  is  defined  as: 

Applied  (V  g) 

S2  = ^ X 100 

Rated  (V^^q) 

3. 2. 2. 5 Complexity  Adjustment  Factor, 

11^  accounts  for  effect  of  multiple  devices  in  a single 
package.  Each  transistor  in  a case  must  be  treated  individually 
for  complexity  factor.  Its  failure  rate,  Xj^,  modified  by  other 
n factors  and  then  multiplied  by  this  complexity  factor.  If  only 
one  transistor  of  a pair  is  used,  treat  as  an  independent  item  with 
n ^ = 1.0. 
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FIGURE  3.2-5  MIL-HDEK-217B  OPERATIONAL  FAILURE  RATE  MODEL 
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FIGURE  3.2-7  .MIL-HDBK-217B  OPERATIONAL  FAILURE  RATE  MODEL 
FOR  SILICON  (GENERAL  PURPOSE)  DIODES 
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FIGURE  3.2-8  MIL-HDBK-217B  OPERATIONAL  FAILURE  RATE  MODEL 
FOR  GERMANIUM  (GENERAL  PURPOSE)  DIODES 
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FIGURE  3.2-10  MIL-HDBK-217B  OPERATIONAL  FAILURE  RATE  MODEL 


W 


u 

r-i 

tn  m 

in 

u3  in 

o o 

e 

rsi 

<N 

fM  <S 

TI 

CD 

'0 

« 

4-> 

0 

•H 

01 

u 

(3 

•9 

0) 

0 

.G  x: 

4J 

a 

fd 

M 

(U  4J 

^ V 

0 

tn 

rf  x: 

0) 

rH  r-l 

•H  2 

Q 

•H  4J 

0)  (3 

-M 

•H  0) 

fl  3 

s 

C x! 

X H 

rH 

J3  ^ 

D A) 

c 

0)  cri-H 

0) 

0 w 

h3 

p 

03  -H 

fa  ' 

£! 

S G 

M 

rH 

(U 

W 

G> 

0)  • 

•H 

‘Cn 

^ G 

G <U 

> 

13 

T3  M 

•>. 

TJ  ^ 

M r-l 

c 

C (U 

G 0 

fH 

C H 

0 ‘H 

w 

3 O 

3 X! 

(0 

3 nJ  ja  w 

0 <3 

0 

> 

0 > 

k U) 

H Pu  M ‘H  fO  M (d 

o cn  o < z o :z 

M 

S 

i 

A 

•H 

H 

n 

3 

a 


O 

R 

in  o o o 

« • • « 

H in  m 
cs 

Jk 

4J 

> 

*H  iH 

XX)  u 

H <U 

El  0 

0 > 

3 0 

§l§l 

•3  b l3  M 

a 


I 

o 


a 


R 

X 


w 

01 

o 

Pu 


M 


.Q 


04 


o 

H R*  <n  n4  \ 

« 

H rH  H CM 

V 

o o o o 

« • • • 

\ 

iH 

o^ 

00  O CM  ^ C- 

CM  \ 

« 

O iH  rH  fH 

CM  X 

o o o o o 

O \ 

• \ 

(T^  fN  O 

\ 

00 

in  <Tl  O iH 

'a'  <yi  CM 

V 

• 

O O O iH  IH 

rH  fH  CM 

o o o o o 

9*999 

o o o 

• • • 

\ 

Tj*  00  in  CM  H 

« 

.a*  in  in  O'  00 

O CM  "M*  O'  on 

CM  \ 

•M 

• 

o o o o o 

rH  rH  fH  rH  rH 

CM  X 

s 

o o o o o 

o o o o o 

0 X 

9 

oi  cri  00  on  <r( 

CM  O 

M 

in 

n on  M' m m 

on  O iH  CM 

••a*  f"  on  CM 

3 

0 

• 

o o o o o 

O O H »H  H 

H H H CM 

r-t 

•H 

o o o o o 

o o o o o 

•H 

+j 

• « « • « 

• • • • • 

9 9 9 9 

fr4 

w 

TT  o lo  cn  ■>!»< 

on  in  CM  H o 

in 

(N  on  oi  m xa* 

in  VD  00  on 

0 H CM  M*  r- 

on  CM  X 

4) 

U) 

9 

o o o o o 

o o o o o 

rH  H H fH  H 

iH  CM  X 

2 

« 

o o o o o 

o o o o o 

00000 

00  \ 

9 

• • 4 • • 

• » 

flQ 

k 

X 

•fi 

00  CM  O'  o on 

on  00  on  on  in 

CM  H 0 

x 

(0 

H CM  CM  on  on 

on  in  in  ID 

n.  CO  on  0 H 

CM  M*  t'*  on  CM 

X 

A 

« 

o o o o o 

o o o o o 

0 0 0 H H 

rH  H »H  rH  <N 

X 

o o o o o 

• • • • • 

o o o o o 

• • • • • 

00000 

00000 

• • t « f 

\ 

on  ID  O CM  "M’ 

O VO  on  "O  00 

cn  on  in  CM  H 

0 

\ 

n 

H H CM  CM  CM 

on  on  on  -o  <0 

m un  VO  C'  00 

on  0 iH  CM  Ml 

C'  on  CM  X 

O O O O O 

00000 

00000 

0 H r—l  rH  rH 

rM  H CM  n 

O O O O O 

00000 

00000 

• • • * • 

00000 

9 9 t % 9 

000 

• • f 

\ 

0>  CM  in  ID  00 

CM  0 

on  M*  00  cn  On 

m CM  fH  0 

"x 

fN 

O rH  fH  •H 

CM  CM  cn  CO  m 

cn  .a*  M*  un  in 

VO  C'  (30  on  0 

fH  CM  M*  c.  on 

CM  X 

• 

o o o o o 

00000 

00000 

0 0 0 0 H 

H H H H H 

CM  X 

o o o o o 

« t • « * 

00000 

• • • 4 • 

0 0 0 0 0 

• * • • * 

00000 

• » • • • 

00000 

» • • « • 

0 X 

VO  00  o CM  on 

VO  0 CM  'a*  t" 

0 cn  VO  On  M* 

00  cn  on  u)  CM 

H 0 

H 

O O H (H  fH 

fH  CM  CM  CM  CM 

cn  cn  rn  cn  M* 

un  un  vD  I'* 

03  on  0 H CM 

na*  C'  on  <M 

9 

o o o o o 

00000 

00000 

00000 

0 0 H H fH 

H H iH  CM 

u. 

o o o o o 

• t • * » 

00000 

00000 

• • • • • 

00000 

4 • • • t 

00000 

• •ft* 

0000 

9 9 9 * 

6h 

u 

o o o in  o 

0 0 un  0 un 

0 in  0 m 0 

in  0 un  0 un 

0 un  0 un  0 

un  0 un  0 

O 

H CM  CM  on 

m m VO  VO 

r-  r.  (30  00  on 

on  0 0 fH  H 

CM  CM  cn  cn  M* 

M<  un  un  vo 

— 

H fH  H rM 

fH  H rH  H fH 

fH  iH  fH  iH 

3.2-15 


ICO  r-H  !■<  v,’>  i"*  v’*  v,'^  i •>  O Ol 
' 1 iH  10  lO  in  lO  Of)  ol 


If'  aj 

).)  U) 

f!  .a  N 


«J  tjr'-rf 

m 'H  ri4 

r^ 

•>  ri«  •> 
•«  '0 
« 01  rj 
n o 


p nJ  o 
H Cf<  >■< 
O I/)  (') 


Ul 

'■  f '(,1 

.0  ,0) 

Ilf  Vi  0) 
.1]  0)  H 
li  (.1  .,-1 
t-'i  I I .Q 
0)  Q 

" y. 

Ill  01 
ti  ' 
U ••  *0 
o H n 

.0  <11  :i 
Vi  t>  O 
•t  I Hi  Vi 
< i-'.i 


'S4 

Vl  IQ 

rH  -H  « 
0)  t:  3 
X',  p (0 

m hO 

p " 

U 01  " 
C 0) 
•>  Vf  H 
. 0 P .H 
Ilf  ..Q  W 

>•  v^  « 


o o in  o 
• » • « 
H M f*v  in 


^ X u 

ll§l 

tTjo  b 1^ 


H CM  vr  lolo 

rH  '"f  rHl<N 


<N  (T\ 

cn  iTi  CD  CM  m m 00 
O O i-l  rH  f|  rO  rH 


O',  fo  cn  in 

r'CMcocnOf-ir'i'<a<iDO 

OOOOtHHfHr-VHm 


H t''  H CO  CN  CTi 

r'-r'r'Cocoo)0'0(Ncninc» 

OOOOOOOHiHHi-liH 


'cfcocxJor'icDcnf'icriin 

cococor^r^r^r'Ooooo'OrHCN'i*' 

OOOOOOOOOOrHt-HrHt-l 


inlo  i-i  m ui  n-  oc  >-i  'j'  r-~  H CD  CM  CM 
• |v^,'c^.’u:'coci.'CDt''^'^~ooooo^o^o<N(nmoo 

loOC'OOOOOOOOOOrHrHfHi-4»-f 


'vcocoo^i-ioj'vrcDcooccicDcjcfno^m  ' 

• ui  in  in  CO  CO  vci  ui  CD  r-  r-  CO  00  oc  o H (M  VO  o 

000000000000000>HH>HiHrHm 


0*1 

in 

1 

CD 

rH 

OD 

in 

OV  t-| 

r*^ 

VD 

IN 

OD 

\ 

\n 

in 

in 

ll  1 

• 1 1 

VO 

VO 

CD 

VD 

VD 

VO 

r- 

00 

00 

OD 

OD 

o 

CNJ 

m 

in 

00  ' 

o 

• 

o 

C.D 

CD 

* 

o 

• 

o 

O 

o 

o 

* 

o 

• 

o 

* 

o 

• 

o 

• 

o 

• 

o 

• 

O 

• 

o 

• 

o 

• 

rH 

• 

H 

• 

rH 

f 

H 

• 

H 

• 

N 

L 

Ct) 

tN 

(■*D 

U1 

VO 

OJ 

OD 

r-l 

CM 

VD 

00 

o 

rg 

VO 

O'  m 

O) 

LO 

s 

in 

in 

in 

in 

in 

UD 

in 

m 

CO 

VD 

CO 

VD 

CD  1'' 

r~ 

n- 

CO 

00 

CD 

o 

H 

eg  ^ VD 

o 

o 

• 

o 

<r> 

CD 

CD 

o 

o 

o 

• 

o 

O 

o 

• 

o 

• 

o 

* 

o 

* 

o 

• 

o 

• 

o 

• 

o 

• 

o 

• 

o 

t 

rH 

• 

H 

• 

rH  rH 

• • 

H 

• 

m 

• 

I"-- 

v.n 

c? 

1 1 

(N 

OD 

If) 

CO 

CVD 

o 

H 

on 

in 

n- 

OD 

rH 

'a* 

rH 

CD 

CNJ 

O' 

M* 

if) 

in 

in 

in 

in 

in 

m 

ir 

CD 

VD 

VD 

VD 

VD 

CO 

r' 

p" 

00 

00 

CD 

OV  o 

eg 

m 

CD 

O 

o 

C'D 

< D 

CD 

(D 

o 

.0 

o 

• 

o 

o 

« 

o 

* 

O 

• 

O 

• 

Liin* 

o 

• 

o 

o 

• 

o 

• 

o 

• 

O 

O I-H 

• • 

rH 

« 

rH 

O 

111 

o 

in 

C.D 

m 

o 

in 

O 

in 

o in 

o 

in 

o 

m 

o 

m 

o 

in 

o vn 

o m 

O 

m 

r-| 

IM 

OJ 

n't 

vf 

in 

in 

VD 

VD 

r" 

CO  00  OS 

ov 

o 

o 

rH  rH  ni 

OJ 

rH 

rH 

•H  rH 

H 

iH 

3.2-18 


130  .15 
135  .18 


3.2.3  Inatructiouu  ^or  Use  of  StfmigonUuQtQy  ModolM 
3 . 2 . 3 . 1 Device  Power  Ratings 

Semiconductor  base  failure  rates,  are  eonwonly  related 
to  the  junction  temperature.  This  junction  temperature  cjonaiatw 
of  the  heat  rise  within  the  dovico  caused  by  power  dissipated  in  the 
junction  plus  the  case  temperature.  In  turn,  the  case  tomporatura 
is  related  to  tho  ambiont  air  or  to  the  attached  heat  sink  temper- 
ature . 

Transistors  aro  normally  rated  at  m«iximum  power  dissipation 
and  diodes  at  maximum  current  permissible.  Certain  8pooivnl-purp<' 
devices  are  rated  at  artificial  maximum  ratings  many  times  hiyae.’ 
than  normal  operating  conditions  and  at  rating  values  which  are 
based  on  burn-out  of  the  device  (o.g.,  Microwave  Mixers). 

Some  maximum  ratings  are  based  on  operation  at  a 25  degree 
ambient  temperature  and  others  on  a 25  degree  C case  temporalure 
(the  latter  primarily  for  power  devices  used  on  heat  sinks) , Usually 
this  double-type  of  rating  is  troublo-froo  as  long  as  the  dovico  is 
used  according  to  the  type  of  rating. 

Usually  each  device  is  given  two  rating  points.  One  for 
maximum  permissible  junction  temperature  and  the  other  for  tho 
maximum  case  or  ambient  temperature  at  which  100  percent  of  tho 
rated  load  can  be  dissipated  without  causing  tho  sum  of  ambient  or 
case  plus  internal  temperature  rise  to  exceed  the  specified  maximum 
junction  temperature  (derating  point,  T_).  As  tho  ambient  or  case 
temperature  rises  above  Tg  value,  the  internal  temperature  rise  and 
power  load  must  be  decreased  if  tm.  combined  temperature  is  not  to 
exceed  the  maximum  junction  temperature.  See  Figure  3.2t16. 
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FIGURE  3.2-16  CONVENTIONAL  DERATING  CURVE 

where : 

Tp  is  the  temperature  derating  point  (degrees  C) 
'%AX  maximum  junction  temperature  (degrees  C) 
is  ambient  temperature  (degrees  C) 

Tq  is  case  temperature  (degrees  C) 


Maximum  junction  temperature  (Tj,j^)  is  normally  175  degrees 
C for  silicon  and  100  degrees  C for  germanium  devices.  Usually 
25  degrees  C,  can  be  other  values  of  temperature. 

Some  devices  have  a multi-point  derating  curve  as  shown  by 
the  solid  line  in  the  example  of  Figure  3.2-17.  The  failure  rate 
of  a device  with  multi-point  derating  can  be  estimated  with  the 
present  models  by  assuming  the  device  to  be  linearly  derated  from 
Tg  to  as  shown  by  the  dashed  line.  The  use  of  this  assumption 

will  result  in  a predicted  failure  rate  higher  than  what  the  device 
might  actually  experience,  with  the  amount  of  error  dependent  upon 
the  difference  between  the  two  rating  values  where  T , intersects 
the  assumed  and  actual  rating  plots. 

Since  semiconductors  may  be  rated  based  upon  ambient  or  case 
t.emporatures  , i lu'  lol  lowing  guidance  is  included: 

1)  Wlien  determining  failure  rate  for  a device  with  rating 
uased  upon  ambient  tcmv5orature  and  is  used  without  a heat  sink, 
calculate  S per  Section  3. 2. 3. 2.  Enter  base  failure  rate  table  with 
actual  operating  ambient  temperature  or  a corrected  temperature  if 
indicated  in  St'ction  3.2’.  3.2. 
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FIGURE  3.2-17  MULTIPOINT  DERATING  CURVE  FOR  1N3263  POWER  DIODE 


2)  When  determining  the  failure  rate  for  a device  with 
rating  based  on  case  temperature  and  is  used  with  a heat  sink, 
calculate  S per  Section  3. 2. 3. 2.  Enter  base  failure  rate  table 
with  actual  operating  heat  sink  temperature  or  a corrected  tem- 
perature if  indicated  in  Section  3. 2. 3. 2. 

3)  When  a device  has  ratings  based  upon  ambient  tempera- 
ture and  on  case  temperature,  it  can  be  used  with  or  without  a 
heat  sink.  If  used  with  a heat  sink,  proceed  as  in  (2)  above. 

If  used  without  a heat  sink,  proceed  as  in  (1)  . 

4)  When  a device  is  rated  based  upon  ambient  temperature 
and  is  used  with  a heat  sink,  no  failure  rate  can  be  determined 
unless  the  device  rating  based  upon  case  temperature  can  be  found. 
If  this  cannot  be  determined,  calculate  the  base  failure  rate  as 
in  (2)  above. 

5)  When  a device  is  rated  based  upon  case  temperature  and 
is  used  without  a heat  sink,  no  failure  rate  can  be  determined 
unless  the  device  rating  based  upon  ambient  temperature  can  be 
found.  If  this  cannot  be  determined,  calculate  the  base  failure 
rate  as  in  (1)  and  multiply  by  10. 

3. 2. 3. 2 Determining  Appropriate  Stress  Ratio  & Temperature 
The  base  failure  rate  tables  are  based  upon  ambient  or 
case  temperature  (T  degrees  C)  and  electrical  stress  ratio  (S) . 

The  following  instructions  show  the  methods  for  calculating  S. 
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In  some  cases,  the  operating  ambient  or  caise  T must  be  corrected 
before  entering  the  failure  rate  tables.  These  corrections,  where 
needed,  are  indicated  in  (7)  below.  Operating  junction  temperatures 
do  not  have  to  be  calculated  to  use  the  models, 

1)  Groups  I,  II  & III  Transistors, 
a.  Single  device  in  case, 

, p p 

For  Silicon,  S = OP  (C.F.)  For  Germanium,  S = OP 

^MAX  ^MAX 


where : 

Pqp  = actual  power  dissipated 
^MAX~  rated  power  at  Tg 

C.F.=  stress  correction  factor  per  (7)  below 
b.  Dual  device  in  single  case  (equally  rated) . 


where : 

S = stress  ratio  of  side  being  evaluated 
Pj^=  power  dissipation  in  side  being  evaluated 
P2=  power  dissipation  in  other  side  of  device 
Pg=  maximum  power  rating  at  Tg  of  one  side  of  the 
dual  device  with  the  other  side  not  operating 
(one  side  rating) 

P^=  maximum  rating  at  Tg  with  both  sides  operating 
(both  side  rating) 

NOTE ; Specifications  for  dual  devices  in  one  case 
usually  give  a maximum  rating  for  each  device  and  a 
total  power  rating  which  is  significantly  less  than 
the  sum  of  individual  ratings. 

C.F..  <=  stress  correction  factor  per  (7)  below  for 
silicon 

C.F.  = 1.0  for  germanium 
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2)  Groups  IV  & VI  General  Purpose  Diodes  & Thyristors. 


For  Silicon,  S 


(C.F.) 


For  Germanium,  S 


‘OP 


MAX 


where ; 

Iqp  = operating  average  forward  current 

^MAX“  rated  average  forward  current  at  Tg 

C.F.=  stress  correction  factor  per  (7)  below 

3)  Group  V Zener  Diodes 

Zener  diodes  are  rated  for  maximum  current  or  power  or 
both.  Either  rating  may  be  used  as  follows: 


S = 


OP 

’max 


where 


4) 


5) 


Pqp  = actual  power  dissipated 
Pmax  “ maximum  rated  power  at  Tg 

I 2 (OP)  “ actual  operating  zener  current 

^Z (MAX)  “ maximum  rated  zener  current  at  Tg 

C.F.  = stress  correction  factor  per  (7)  below 

Group  VII  Microwave  Mixer  Diodes 

g _ Operating  Spike  Leakage  (ergs) 

Rated  Burnout  Energy  at  25  degrees  C 


Group  VII  Microwave  Detector  Diodes 

P 

g _ OP  (Operating  Power  Dissipation) 


MAX 


(Rated  Power  at  25  degrees  C) 


6)  Group  VIII  Varactor,  Step  Recovery,  and  Tunnel  Diodes 

S =<  ^OP  (C.F.) 

P 

MAX 
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where : 


Pqp  = operating  power  dissipated 
^MAX  ~ maximum  rated  power  at  Tg 

C.  F.=  stress  correction  factor  per  (7)  below 

7)  Stress  Correction  Factor  (C.F.) 

a.  Devices  with  Tg  = 25  degrees  C + » 175  degrees 

C to  200  degrees  C 

C.F.  = 1 

b.  Devices  with  Tg  f 25  degrees  C + = 175  degrees 

C to  200  degrees  C 

C.F.  = 


TsF 


c.  Devices  with  Tg  = 25  degrees  C + <175  degrees  C 

TTTT 


T - 25 
C.F.  # MAX 


and  enter  X,  table  with  T = T,  + (175  - T„-„) 

b A MAX 

or  T = Tj,  + (175  - T^J() 

d.  Devices  with  Tg  ^ 25  degrees  C + <175  degrees  C 


C.F.  = 


T - T 
MAX  G 

IT5 


and  enter  X^^table  with  T = Tj^  + (175  - "^max^ 


or  T = Tj.  + (175  - T^) 
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3.3  Operatlonal/Non-Operational  Failure  Rate  Comparisons 

3.3.1  Transistor  Operational/Non-Operational  Failure  Rate 
Comparisons 

Table  3.3-1  presents  a comparison  of  base  (ground),  missile 
launch,  and  storage  failure  rates  and  their  equivalent  K factors 
for  JANTX  and  JAN  devices.  The  active  and  non-operational  failure 
rates  were  calculated  for  a ground,  fixed  environment  using  the 
models  in  the  previous  section.  For  these  calculations  the  follow- 
ing assumptions  were  made: 


Device ; 

Operating  Temp. 
Stress  Ratio: 
Voltage  Stress: 


Linear,  Single  Transistor 
25“C 

.5 

.75  (50%  applied  to  rated  voltage) 


The  comparison  indicates  factors  of  13  to  63  between 
operating  and  non-operating  failure  rates  for  JANTX  transistors 
and  factors  of  ll  to  62  between  operating  and  non-operating  failure 
rates  for  JAN  transistors. 

The  Missile,  Launch  to  Ground,  Fixed  Operating  Ratio  is  "8" 
as  given  by  MIL-HDBK-217B. 

3.3.2  Diode  Operational/Non-Operational  Failure  Rate  Comparisons 

A comparison  of  operational  and  storage  failure  rates  and  the 
modifying  K factors  is  presented  in  Table  3.3-2  for  JANTX  and  JAN 
devices.  The  ground  and  missile  launch  failure  rates  were  calcu- 
lated using  the  procedures  of  MIL-HDBK-217B . The  following  assump- 
tions were  made : 

Device:  Metallurgically  bonded.  Signal 

Operating  Temp.:  25®C 

Stress  Ratio:  .5 

Voltage  Stress:  .5 


The  comparison  indicates  factors  of  16  to  68  between 
operating  and  non-operating  failure  rates  for  JANTX  diodes  and 
factors  of  7 to  71  between  operating  and  non-operating  failure 
rates  for  JAN  diodes. 
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The  Missile,  Launch  to  Ground,  Fixed  Operating  Ratio  is 
"8"  as  given  in  MIL-HDBK-217B  with  the  exception  of  microwave 
transistors  which  shows  a factor  of  20. 
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TABLE  3.3-2.  DIODE  OPERATING  AND  NON-OPERATING  FACTORS 
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4.0  ELECTRONIC  VACUUM  TUBES 


Electronic  vacuum  tubes  are  classified  into  five  basic 
categories:  receiver  tubes,  klystrons,  magnetrons,  TWT's  and 
gridded  tubes. 

The  magnetron  is  an  oscillator  which  converts  energy 
extracted  from  a constant  electric  field  to  an  RF  field.  In 
its  most  basic  configuration,  it  consists  of  a cathode,  an 
anode,  a set  of  straps  and  output  couplings.  The  cathode  is 
a heated  cylindrical  structure  with  the  emitting  surface  all 
around  it.  The  anode  is  a large  block  of  copper,  surrounding 
the  cathode,  in  which  slots  and  holes  are  cut.  The  straps  are 
metal  rings  connected  to  alternate  segments  of  the  anode  block 
to  improve  the  stability  and  efficiency  of  the  tube.  A coupling 
loop  in  one  of  the  cavities  extracts  the  amplified  RF  energy. 

The  Klystron  is  an  amplifier  characterized  by  high  gain, 
high  power,  good  efficiency,  but  relatively  narrow  bandwidtns. 

It  consists  of  a cathode,  a modulating  anode,  an  anode,  RF  input 
heater  units  and  electron  beam.  The  modulating  anode  located 
close  to  the  cathode  provides  a means  to  pulse  or  modulate  the 
electron  beam  by  varying  the  applied  voltage.  The  RF  cavities 
serve  as  the  anode  since  they  are  at  a positive  potential  with 
respect  to  the  cathode.  Unlike  most  tubes,  electrons  are  not 
collected  by  the  anode  but  rather  by  the  collector  located  at 
the  far  end  of  the  tube.  The  input  and  output  coupling  loops 
are  located  in  the  first  and  last  RF  cavities  respectively.  The 
focusing  magnets  provide  an  axial  magnetic  field  to  counteract 
the  mutual  repulsion  of  electrons  in  the  beam  thus  keeping  it 
collimated. 

High  power  tubes  include  x-ray  radiation  shields  and  a 
vac ion  pump  to  maintain  the  high  vacuum  required  for  proper 
operation. 

The  travelling  wave  tube  (TWT)  is  a thermionic  tube 
characterized  by  high  gain,  large  bandwidth,  reasonable 
operating  voltages  but  having  low  efficiency.  The  TWT  is 
similar  to  the  Klystron  in  both  construction  and  principle  of 
operation.  It  contains  a cathode,  an  anode,  input  and  output 
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RF  couplings  and  focusing  magnets.  Instead  of  RF  cavities, 
the  TWT  contains  a "slow  wave  structure"  to  accomplish  velocity 
modulation  of  the  beam.  In  low  power  tubes,  the  slow  wave 
structure  is  a wire  helix  running  axially  along  the  tube.  For 
higher  power  tubes  heavier  and  more  rugged  structures  capable 
of  dissipating  large  amounts  of  heat  arc  required.  High  power 
tubes  also  contain  vac-ion  pumps  to  maintain  required  vacuum. 

A special  case  of  the  TWT  is  the  Twystron  (TWT/Klystron) . 
This  is  a hybrid  tube  that  essentially  consists  of  a Klystron 
driving  a TWT  within  a single  bottle  or  enclosure. 

The  gridded  tubes  represent  a class  of  grid-controlled  tubes 
Although  capable  of  large  amounts  of  power,  gridded  tubes  are 
constrained  to  the  lower  frequencies.  In  general  they  represent 
older  technology  since  most  modern  microwave  applications  have 
been  taken  over  by  other  tubes.  Their  high  frequency  constraints 
limit  this  application  in  missiles. 

4 . 1 Storage  Reliability  Analysis 

4.1.1  Failure  Mode  Analysis 

The  failure  mode  analysis  is  based  on  a population  of  over 
12,000  tubes,  484  of  which  failed  during  storage.  Although  de- 
tailed failure  reports  were  not  available  on  any  of  the  tubes, 
cause  of  failure  was  recorded  in  most  cases.  The  total  number 
of  failures  ir,  the  population  of  12,000  tubes  was  over  600, 
however,  many  of  these  were  system  related  failures  and  v’ere  not 
counted  as  tube  failures. 

The  distribution  of  tube  failures  is  shown  in  Figure  4.1-1. 
The  key  to  the  horizontal  axis  in  Figure  4.1-1  is  shown  in 
Table  4.1-1.  The  "I"  column  represents  the  percentage  of  all 
failures  in  which  a specific  mode  was  observed. 

The  predominant  storage  failure  mode  is  gassy,  loss  of 
vacuum.  This  mode  represents  38%  of  all  the  failures  and  it 
was  observed  three  times  as  many  as  the  second  (internal  short) 
mosL  frequent  one.  Wlien  tubes  have  been  in  storage  without 
power  apf)liod  lu  them,  gases  cither  form  within  the  tube  or  leak 
in  througli  seals  resulting  in  loss  of  vacuum.  If  power  is 
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V. 


TABLE  4.1-1.  FAILURE  MODE  DISTRIBUTION  & PERCENTAGE 


FAILURE  MODE  IDENTI- 
FICATION NUMBER 

FAILURE  MODE 

% 

% 

1 

Gassy,  loss  of  vacuum 

38.0 

2 

Internal  short 

12.2 

3 

Undetermined 

9.7 

4 

Open  filament 

8.3 

5 

Handling/packaging 

7.6 

6 

Heater  short 

3.9 

7 

Tuning  mechanism/mechanical 

failure 

2.9 

8 

Low  emission 

• 

CM 

9 

High  gas  pressure/high  ion 

pump  current 

2.3 

10 

Coolant  leak  within  tube 

2.3 

11 

Internal  arcing 

2.1 

12 

Filament  failure 

i..4 

13 

Poor  spectrum 

1.2 

14 

Cathode  depletion 

1.2 

15 

Others 

4.0 

applied  suddenly,  the  gases  ionize  and  become  a conducing  media 
drawing  large  amounts  of  current  which,  if  sustained,  will  burn 
out  the  tube.  This  failure  mode  was  not  only  predominant  in  the 
entire  population  of  tubes  but  it  was  also  dominant  within  each 
tube  category  except  gridded  tubes. 

Loss  of  vacuum  during  prolonged  storage  is  often  the  result 
of  a microscopic  leak  in  the  tube  envelope.  As  the  tube  skin 
area  and  the  number  of  vacuum  tight  joints  increase  so  does  the 
potential  for  a leak.  In  an  effort  to  reduce  potential  loss  of 
vacuum,  the  porosity  of  metals  employed  should  be  seriously 
considered.  Small  quantities  of  undesirable  gases  can  also 
originate  from  the  various  metallic  surfaces  within  the  vacuum. 
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Although  it  was  the  predominant  mode  for  storage  oonditionu, 
loss  of  vacuum  is  seldom  observed  during  operation.  The  reason 
is  that  while  small  amounts  of  gases  can  leak  in  while  the  tube 
is  operating » they  are  burned  as  they  form  and  seldom  reaoh  high 
enough  concentrations  to  form  arcs. 

Internal  short  was  the  second  highest  failure  mode.  How- 
ever « over  54%  of  the  failures  caused  by  internal  shorts 
happened  in  gridded  tubes.  These  were  mainly  shorts  in  the  deli- 
cate grid  structure.  In  tubes  other  than  grid  controlled  this 
mode  was  responsible  for  only  €%  of  the  failures.  Since  gridded 
tubes  are  not  widely  used  in  modern  missiles,  internal  short  is 
not  as  predominant  as  shown  in  Table  4.1-1, 

The  third  most  frequent  reported  mode  was  "undetermined." 
These  were  cases  where  no  failure  analysis  was  made  or  where  it 
was  impossible  to  determine  the  actual  cause  for  the  failure. 

Open  filament  was  reported  8.3%  of  the  time.  When  combined 
with  heater  shorts  (3.9%)  and  undetermined  filament  failures 
(1.4%),  heater  associated  failures  accounted  for  13.6%  of  the 
failures.  Corrosion  and  embrittlement  of  the  delicate  filament 
structure  with  time  may  account  for  a large  number  of  these 
failures. 

Handling  and  packaging  accounted  for  7.6%  of  the  failures. 
This  is  a general  category  with  a wide  variety  of  interpreta- 
tions the  possibilities  including  dropping  a tube  resulting  in 
major  mechanical  damage.  Due  to  the  lack  of  further  identifi- 
cation failures  attributed  to  handling  and  packaging  were  not 
included  in  failure  rate  computations. 

Tuning  mechanism  failures  occurred  mostly  on  mechanically 
tuned  magnetrons.  This  problem  did  not  occur  in  TWT's  and  only 
a few  times  in  Klystrons.  Mechanical  tuning  is  used  mostly 
in  high  power  magnetrons.  Small  tubes  used  in  missile  applica- 
tions are  mostly  electronically  or  voltage  tuned.  Therefore, 
this  failure  mode  is  not  severe  in  missile  environments. 

Low  emission  is  usually  the  predominant  operational 
failure  mode.  It  indicates  cathode  wearout.  As  a storage  mode 
it  may  indicate  oxidation  of  the  cathode  surface  caused  by  small 
amounts  of  moisture  trapped  within  the  tube. 
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The  balance  of  the  failures  were  due  to  a variety  of 
failure  inodes  none  of  which  represents  a major  storage  associated 
problem. 

4.1.2  NON-OPERATING  FAILURE  ItATE  PREDIC1=I0N 

The  failure  rate  models  are  presented  in  Figure  4.1-2.  Note, 
for  a number  of  the  tube  types,  a decreasing  failure  rate  with 
time  is  indicated  and  described  by  a Weibull  model. 

4.1.3  NON-OPERATING  FAILURE  RATE  DATA 

The  failure  rate  models  are  based  on  storage  data  consisting 
of  over  1.2  billion  part  hours  with  404  failures  reported.  The 
breakdown  of  storage  hours  and  number  of  failures  for  each  type 
of  tube  is  shown  in  Table  4.1-2. 

The  initial  analysis  divided  the  data  by  types  and  statisti- 
cally tested  whether  the  individual  entries  could  be  combined  iato 
single  data  sets.  Next,  the  data  entries  were  time  lined  to 
attempt  to  measure  the  effect  of  storage  time  on  the  failure 
rate.  The  analysis  indicated  a significant  decrease  in  failure 
rate  with  storage  length  for  a large  majority  of  the  data.  This 
suggested  that  the  devices  were  failing  very  early  in  storage  and 
no  significant  increase  in  failvire  occurred  as  time  increased.  \n 
attempt  was  made  to  fit  the  Weibull  failure  distribution  to  this 
data  in  the  form; 

A (t)  = g(B-l)Lnt  - Lna 

where  A (t)  is  the  hazard  rate  or  instantaneous  failure  rata 
per  billion  hours, 
g = shape  parameter 
a = scale  parameter 
t = storage  hours  in  billions 

A fairly  high  correlation  was  made  to  this  function,  with 
the  B (shape)  parameter  less  than  one,  again  suggesting  that  the 
najority  of  the  failures  were  occurring  early  in  storage. 

As  indicated  in  Table  4.1-2,  data  was  obtained  from  eight 
sources.  Source  A represents  a reliability  study  performed  under 
contract  to  RADC.  This  source  identified  the  type  and  quality 
grades  for  the  devices,  however,  it  provided  no  information  re- 
garding storage  conditions  or  intervals.  For  vacuum  tubes,  one 
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entry  on  Sprytron  tubes  with  400  thousand  storage  hours  and  no 
failures  and  one  entry  on  MIL-STD  tubes  with  1 million  storage 
hours  and  14  failures  were  recorded. 

Source  B represents  data  from  orbiting  spacecraft.  Eighteen 
TWT's  were  in  a standby  (non-operating)  mode  and  all  18  operated 
without  failure  when  turned  on. 

Source  F represents  missile  storage  between  1963  and  1965. 

The  missiles  were  subjected  to  periodic  checkout.  Storage  in- 
tervals ranged  from  2 to  29  months.  Cumulative  operating  time 
on  the  tubes  was  from  1 to  20  hours.  Four  TWT  failures  were 
reported  with  the  following  failure  modes:  Moding  at  start  of 
oscillation  (Age  - 5 months);  Spectrum  too  wide  (Age  - 8 months); 
Arcing  (Age  - 15  months);  and  Vibration  (Age  - 12  months).  One 
magnetron  failure  was  recorded  at  age  5 months  - failure  mode  - 
excessive  helix  current. 

Source  G represents  shelf  storage  between  1970  and  1972  of 
large  TWT's  (peak  power  - 200  KW)  . Storage  intervals  rang.^d 
from  6 to  22  months.  The  devices  were  conditioned  after  storage 
before  turn-on.  No  failures  were  recorded. 

Missile  E-1  data  represents  874  missiles  stored  for  20  months 
during  1967  and  1968.  The  missiles  were  stored  in  containers 
exposed  to  external  environmental  conditions  in  the  northeast 
U.S.  They  were  also  transported  from  coast  to  coast.  No  tests 
were  performed  until  the  end  of  the  20  months.  The  data  included 
nearly  13  million  klystron  storage  hours  with  one  failure  recorded 
as  "open."  In  addition,  one  billion  storage  hours  were  recorded 
for  receiving  tubes  with  13  failures  recorded.  The  failures  were 
listed  as  defective  (3);  shorts  (5);  opens  (2);  low  gain  (1), 
open  heaters  (2)  . 

Source  H represents  shelf  storage  data  on  high  power  devices. 
Table  4-2  lists  the  tube  type  and  power  ratings.  Data  was  not 
available  on  which  tubes  may  have  been  preconditioned  upon  re- 
moval from  storage. 
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Missile  D data  represents  159  missiles  stored  for  periods 
from  one  month  up  to  62  months  for  an  average  storage  period 
of  17  months.  The  missile  storage  was  environmentally  con- 
trolled and  periodic  checkouts  were  performed.  The  data  in- 
cludes nearly  two  million  storage  hours  for  the  triode  cavity 
oscillator  with  no  failures  recorded. 

Data  grouped  by  age  are  presented  in  Tables  4.1-3  through 
4.1-8  for  each  tube  type. 

A comparison  of  the  low  power  tube  data  to  the  high  power 
tube  data  was  made  based  on  age  between  the  various  data  sources 
For  TWT's,  Magnetrons  and  Gridded  Tubes,  tests  indicated  no 
significant  difference  between  the  low  power  and  high  power  tube 

For  the  Klystron,  the  low  power  tube  failure  rate  was 
significantly  different  from  the  high  power  tube. 
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TABLE  4.1- 

3.TWT  (entries  6, 

9,  11 

, 12  & 13) 

GROUPING 

OF  DATA  BY  AGE 

STORAGE 

INTERVAL 

AVERAGE 

AGE 

UNITS 

FAIL- 

URES 

MILLION 
HOURS  X 

ACTUAL 

IN  FITS 

PREDICTED 

X IN  PITS 

1-2  mo. 

1.4  mo. 

79 

1 

.0796 

12563 

12563 

3-5  mo. 

3.6  mo. 

74 

3 

.1949 

15393 

6572 

6-9  mo. 

7.3  mo. 

87 

2 

.4679 

4274 

4047 

10-17  mo. 

13.0  mo. 

84 

2 

.7994 

2502 

2724 

18-24  mo. 

19.6  mo. 

76 

1 

1.0877 

919 

2055 

25-70  mo. 

38.8  mo. 

82 

3 

2.3229 

1291 

1286 

x(t)  = e(0.314-l)Lnt  > Ln  (1.0243) 

Index  of  Correlation  = 0.77 
t = Storage  time  in  billion  hours 


TABLE  4.1-4.TWT  (entry  10)  GROUPING  OF  DATA  BY  AGE 


STORAGE 

INTERVAL 

AVERAGE 

AGE 

UNITS 

PAIL-  MILLION 
URES  HOURS 

ACTUAL 

X IN  FITS 

PREDICTED 
X IN  FITl 

2-4  mo. 

3.0  mo. 

3 

2 .0066 

303030 

196742 

5-18  mo. 

11.7  mo. 

3 

1 .0256 

39063 

55265 

19-24  mo. 

21.3  mo. 

3 

1 .0467 

21413 

31452 

25-26  mo. 

25.3  mo. 

3 

2 .0555 

36036 

26755 

Ut)  = 

- Ln(1.0168) 

Index  of  Correlation  = .89 

t 

» storage 

time  in 

billion  hours 
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STORAGE 

INTERVAL 

1-2  mo. 
3-4  mo. 
5-6  mo. 
7-8  mo. 
9-11  mo. 
12-14  mo. 
15-19  mo. 
20-26  mo. 
27-38  mo, 
39-55  mo. 
56-180  mo 


STORAGE 

INTERVAL 

1-3  mo. 
4-6  mo. 
7-9  mo. 
10-14  mo. 
15-19  i.\o. 
20-26  mo. 
27-49  mo. 
50-75  mo. 
76-84  mo. 
85-92  mo. 
93-99  mo, 
100-111  mo. 
112-240  mo. 


AVG 

• 

FAIL- 

ACTUAL X 

PREDICTED 

AGE 

UNITS 

URES 

HOURS 

IN  FITS 

X IN  FITS 

1.2 

mo. 

396 

15 

.4154 

36110 

23241 

3.5 

mo. 

306 

12 

.7767 

15450 

12183 

5.6 

mo. 

287 

12 

1.1658 

10293 

8639 

7.5 

mo. 

210 

5 

1.1154 

4483 

7101 

9.9 

mo. 

255 

10 

1.8476 

5412 

5659 

12.9 

mo. 

247 

8 

2.3178 

3452 

4684 

16.9 

mo. 

237 

11 

2.9229 

3763 

3836 

2?  " 

mo. 

252 

13 

4.2413 

3065 

3056 

32.0 

mo. 

263 

23 

6.1517 

3739 

24.'  j 

45.7 

mo. 

249 

14 

8.3074 

1685 

1853 

79.3 

mo. 

250 

20 

14.4679 

1382 

1239 

, (.269-l)Lnt  - Ln(1.0106) 

A (t)  = e 

Index  of  Correlation  = 0.90 
t B Storage  time  in  billion  hours 


TABLE  4 

.1-6. 

MAGNETRON 

GROUPINGS 

BY  AGE 

AVG. 
AGE  • 

UNITS 

FAILURES 

HOURS 

ACTUAL  X 
IN  FITS 

PREDICTED 
X IN  FITS 

2.40 

305 

6 

.4373 

13721 

10284 

5.2 

344 

12 

1.3052 

9194 

5256 

8.1 

292 

9 

1.7286 

5207 

3866 

12.0 

372 

18 

3,2040 

5618 

2985 

16,9 

328 

10 

4.0354 

2478 

2334 

24.0 

298 

21 

5.2136 

4028 

1831 

36.1 

324 

18 

8.5468 

2106 

1379 

67.9 

317 

4 

15.7645 

255 

890 

80.4 

320 

13 

18.7844 

692 

794 

88.5 

301 

5 

19.4538 

257 

743 

95.8 

324 

8 

22.6475 

353 

704 

105.1 

330 

15 

25. 32U8 

592 

660 

127.4 

315 

20 

29.2978 

683 

578 

^,(0.110  1 ) J.rit  • Ln  (1.0467) 


Index  of  Correlation  « 0.89 
t = Storage  time  in  billion  hours 
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table  4.1-7.  GRIDDED  TUBES  - GROUPING  BY  AGE 


STORAGE 

INTERVAL 

AVG. 

AGE 

UNITS 

FAILURES 

HOURS 

ACTUAL 

X IN  PITS 

PREDICTED 

A IN  FITS 

1 

1 

87 

4 

.0635 

62992 

37384 

2 

2 

62 

3 

.0905 

33149 

22283 

3 

3 

63 

3 

.1380 

21739 

16463 

4-5 

4.5 

72 

1 

.2360 

4237 

12183 

6-7 

6.5 

76 

7 

.3584 

19531 

9286 

8-9 

8.4 

70 

4 

.4271 

9365 

7662 

10-12 

11.3 

81 

5 

.6694 

7469 

6109 

13-16 

14.5 

76 

2 

.8059 

2482 

5072 

17-22 

19.5 

70 

3 

.9965 

3011 

4071 

23-33 

27.7 

74 

3 

1.4987 

2002 

3129 

34-78 

43.1 

47 

4 

1.4783 

2706 

2252 

X(t)  = e *■  Ln{1.0194) 

Index  of  Correlation  = 0.85 

t = Storage  time  in  billion  hours 

TABLE  4.1-8.  AMPLITRON  - GROUPING 

BY  AGE 

STORAGE 

AVG. 

ACTUAL  X 

PREDICTED 

INTERVAL 

AGE  UNITS 

FAILURES 

HOURS 

IN  FITS 

X IN  FITS 

1-3  mo. 

1.9  mo.  26 

1 

.0321 

31153 

44703 

4-7  mo. 

5.5  mo.  24 

2 

.0964 

20747 

17690 

8-18  mo. 

13.4  mo.  23 

2 

.2256 

8865 

8769 

19-26  mo. 

24.2  mo.  23 

2 

.4073 

4910 

5512 

27-33  mo. 

29.4  mo.  27 

3 

.5789 

5182 

4743 

34-88  mo. 

41.3  mo . 22 

3 

.6628 

4526 

3630 

X (t)  *= 

l)Lnt  - Ln(. 

9854) 

Index  of  Correlation  = .82 

t ==  Storage  time  in  billion 

hours 
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4 , 2 Eloctronic  Vacuum  Tube  Operational  Prediction  Model 
The  MIL-HDBK-217B  failure  rate  model  for  electronic 
vacuum  tubes  is: 

^ “ *b''E  * 

where  X.  = base  failure  rate  in  million  hours 
Ilg  = environmental  factor 

The  values  for  these  parameters  are  shown  in  Tables  4.2-1 
and  4.2-2.  The  base  failure  is  valid  provided  tubes  are  replaced 
before  wearout. 
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TAULK  4.2-1. 


UAiJli  I-’AILURL:  ratios  ROK  TU13ES 


TUIU*.  TYPl'. 
KHCK  ivi:k 


(f./lO^  hr.) 


T V i odo , To  t rodo , Tc n todc 


Towo  r Roc  t i C i o r 

10 

KLYSTRON 

low  Power  (o.q. 

, local  oscillator) 

30 

High  Power 

VA853 

200 

VA84  2 

50 

L3403 

150 

.T.303S 

85 

SAC42A 

110 

L3250 

110 

^5010 

190 

ZM2038A 

350 

If  high  power  type  not  included  above: 

Peak  Power 

<10  Megawatts 

200 

Peak  Power 

^10  Megawatts 

400 

MAGNETRON 

Peak  Power  <10 

Kilowatts 

20C 

Peak  Power  ^10 

Kilowatts 

450 

TWl’ 

Peak  Power  <100 

watts 

30 

Peak  Pov/er  2ll00 

watts,  <10,000  watts 

100 

Peak  Power  2^10,i 

000  watts 

200 

CitOSSKD  FIF,Ln  AMPLIFIER 

0KG81 

180 

TRANSMITTING 

Tf  i <nU* 

75 

I’etil  oiL* 

100 

GR'.’ 

15 

■i  liVfvA'i'RON 

50 

TAIU.K  4.2-;'.  KNVIRONMKNTAI.  FACTOR  FOR  TURKS 


< 1 N’i’ 

'S* 

''i 

N.: 

'\l 

% 

0.'. 

0.  '• 

1 .0 

(>  . 

10 

10 

,10 

3est  Available  Copy 


4 . 3 OPERATIONAL/NON-OPERATIONAL  FAILUKE  IWPE  COMPARISON 

Table  4. 3-1  presents  a comparison  of  operational  and  non- 
oporational  failuro  rates.  The  non-operational  failure  rates 
were  calculated  based  on  10  years  storage.  The  operating 
failure  rates  were  calculated  for  a ground-fixed  environment. 


TABLE  4. 3-1.  OPERATING  TO  NON-OPERATING  COMPARISON 


TUBE  TYPE 

OPERATING 
FAILURE  RATE 
(X  ) IN  FITS 

NON-OPERATING 
FAILURE  RATE 

(Xj^q)  in  pits 

RATIO 

Receiving 

5000 

12 

4167. 

Klystron,  Low  Power 

30000 

78 

385. 

Klystron,  High  Power 

200000 

915 

219. 

TWT,  Low  Power 

30000 

593 

51. 

TWT,  High  Power 

200000 

593 

337. 

Magnetron,  Low  Power 

200000 

602 

3 j2  . 

Magnetron,  High  Power 

450000 

602 

748  . 

Gridded  Tubes,  Low  Power 

100000 

1044 

518. 

Gridded  Tube,  High  Power 

180000 

1044 

172. 
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4 , 4 t^naiuaionti  » RuoommenUatiana 
4,4,1  Conuluaiai^s 

ThQ  primary  stQrn^t^  failure  n\Qdu  fer  moat  typua  o£  hi«jh 
powor  vaeuum  tubos  ia  loss  of  vacuum,  Griddod  tuboa  aro  tho 
exception  with  the  predominant  failure  mode  beiiuj  inturnal 
short. 

There  is  not  sufiieient  evidonee  to  establish  a relation- 
ship between  storage  failure  rate  and  power  or  frequency.  In 
fact#  the  data  tondn  to  indicate  independenoe  among  those 
parameters. 

There  doesn't  seem  to  bo  a difference  in  storage  failure 
rate  between  pulsed  and  CW  tubes.  In  all  cases#  pulsed  and  CW 
data  were  combined  into  a single  failure  rate. 

In  some  cases#  more  than  one  failure  rate  was  found  for 
a particular  class  of  tubes.  Different  failure  rates  ware 
quoted  when  statistical  teats  indicated  the  likelihood  of 
different  populations  within  the  data.  The  lack  of  definition 
regarding  to  tube  manufacturing#  storage  conditions#  quality 
grades  and  conditioning  procedures  did  not  permit  a complete 
evaluation  of  those  differences.  Those  arc  believed  to  be  the 
results  of  the  combined  effects  of  different  manufacturing 
technologies#  quality  controls#  storage  environment,  and  tube 
conditioning  procedures. 

Tile  storage  data  indicates  that  vacuum  tube  failures  are 
occurring  early  in  storage.  Therefore#  a decreasing  failure  rate 
has  been  predicted.  Tho  failure  rate  models  assume  that  no  tests 
are  performed  on  the  tubes  in  storage.  Should  the  tubes  be 
tested  after  a year#  tho  failure  rate  should  decrease  signifi- 
cantly# since  most  of  the  failures  should  be  removed  as  a 
result  or  tho  tost. 

Since  loss  of  vacuum  is  the  primary  storage  failure  mode# 
proper  conditioning  of  power  tubes  prior  to  operation  would 
significantly  increase  the  storage  reliability. 
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4.4,2  R u c oiunio  n d a t i o n a 

To  avoid  gases  to  bo  trapped  within  the  tube  enclosure 
during  manufacturing,  tubes  should  be  assembled  in  a high 
vacuum  onvironmont . Particular  attention  should  be  given  to 
vacuum  seals  and  to  the  selection  of  low  porosity  materials. 

During  storage,  the  humidity  should  be  controlled  to  the 
maximum  extent  possible  to  avoid  corrosion  of  external  metal 
surfaces . 

A large  number  of  failures  were  attributed  to  handling 
and  packaging.  Special  attention  should  be  given  to  the  design 
and  construction  of  containers  to  avoid  damage  during  transpor- 
tation and  handling. 

Tubes  equipped  with  vac-ion  pumps  should  be  pumped  period- 
ically to  insure  vacuum.  The  pump  should  always  be  operated 
prior  to  installation.  Large  tubes  should  be  designed  with  a 
vac-ion  pump. 

Prior  to  full  operation  the  tubes  should  be  conditioned. 

The  process  should  include  as  a minimum  slow  heater  warm-up; 
anode,  cathode  and  helix  conditioning  by  applying  high  voltage 
gradually;  and  RF  conditioning  by  applying  RP  drive  gradually  to 
maximum  power  level  and  pulse  width. 

4.5  Re  foroncos 

The  data  in  Section  4 is  a summary  of  the  analyses  docu- 
mented in  report  .LC-78-VT1,  Storage  Reliability  of  Missile 
Materiel  rrogram,  D.  F.  Malik,  0.  L,  Soler,  Raytheon  Co.,  dated 
January  1978. 
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5 . 0 Resistors 

Resistors  used  in  electronic  equipments  are  classified  in 
four  basic  categories:  Carbon  Composition,  Film,  Wirewound  types, 
and  potentiometers  (variable  resistors) . 

The  composition  resistor  (MIL-R-11)  consists  of  a mixture  of 
finely  divided  carbon  and  a binder,  either  in  the  form  of  a slug 
or  a heavy  coating,  on  a glass  tube.  Specially-formed  wire  leads 
are  embedded  in  the  resistance  element.  An  insulating  case,  usually 
phenolic,  is  molded  arourjd  the  resistor  forming  a one-piece  en- 
closure to  support  the  leads  and  provide  moisture  sealing. 

Fixed  film  resistors  usually  consist  of  resistive  material, 
carbon  or  metal,  deposited  on  the  inside  or  outside  of  glass  or 
refractory  tubes  and  spirally-cut  to  achieve  specific  resistance. 
Leads  in  the  ends  of  the  tubes  and  various  types  of  end  caps  pro- 
vide connection  to  the  resistance  element.  As  with  composition 
resistors,  a molded  plastic  case  provides  physical  strength  and 
moisture  protection. 

The  two  basic  types  of  wirewound  resistors  covered  in  this 
notebook  are  Precision  styles  (MIL-R-93)  and  Power  styles  (MIL-R-26) . 

Precision  wirewound  resistors  are  formed  by  winding  a special 
alloy  resistance  wire  on  ceramic  forms  having  expansion  coefficients 
matched  to  that  of  the  wire.  By  selecting  and  matching  the  resis- 
tance wire,  almost  any  temperature  coefficient  of  resistance  can  be 
obtained.  Some  types  have  special  low-inductance  and  segmented 
windings  which  achieve  good  high-frequency  response.  These  resis- 
tors are  generally  well-sealed  in  molded  cases  for  use  in  high- 
humidity  atmospheres. 

Power  wirewound  resistors  are  similar  in  construction  to 
precision  wirewound  types  but  less  attention  is  given  to  close 
tolerances  and  noninductive  winding.  Greater  attention  is  given 
to  the  means  of  mounting  for  the  extraction  of  heat.  Special  sili- 
cone coatings  are  designed  for  maximum  heat  conduction  and  radiation. 

Potentiometers  used  in  electronic  equipments  are  classified 
in  five  basic  categories:  Precision,  Semi -Precision , Low  Preci- 
sion, Trimmers  and  Power  types  with  subdivisions  according  to 
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tHimllur  rnllAbility  oharactoristics. 

Precision  potentiometers  (MIt-R-11974 , Style  RR)are  generally 
wirowound  potentiometers  on  precision  coil  forms  which  can  be  pro- 
vided in  almost  any  linear  or  nonlinear  resistance  configuration. 

Semi-Precision  Potentiometers,  MIL-R-19,  Style  RA,  are  also 
wirewound  but  with  less  emphasis  on  precision  and  conformity.  The 
bodies  and  cores  of  RA  Style  power  potentiometers  are  constructed 
of  phenolic  or  other  plastic. 

Low-Precision  Potentiometers,  MlL-R-94,  Style  RV,  are 
generally  composition  resistor  types  commonly  used  for  volume  or 
gain  control. 

Nonwirewound,  Trimmer  Potentiometers,  MIL-R-22097,  Style  RJ, 
are  in  many  styles  and  types  of  nonwirewound  resistance  elements. 

Wirewound,  Trimmer  Potentiometers,  MIL-R-27208,  Style  RT, 
and  MIL-R-35015,  Style  RTR,  are  similar  except  for  the  greater 
reliability  control  and  burn-in  provided  for  the  Established 
Reliability  (RTR)  type. 

Wirewound,  Power  Type  Potentiometers,  MIL-R-22,  Style  RP, 
are  vitreous  and  ceramic  power  units. 
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5 . .1  storage  Reliability  Analysis 
5.1.1  C'a i 1 ure  Mechanisms 

Most  resistors  are  encapsulated  in  a molded  plastic  case 
or  conformally  coated  to  provide  moisture  protection.  But  no 
plastic  is  the  equivalent  of  hermetic  sealing  so  that  moisture 
is  a reliability  consideration  for  all  resistors  depending  on  the 
resistor  type.  A carbon  composition  resistor  will  usually  keep 
itself  dry  during  operation  because  of  its 

self -generated  heat  and  heat  from  adjacent  components.  Long- 
time storage  of  carbon  composition  resistors  without  operation 
in  a humi(i  atmosphere  will  result  in  appreciable  increase  of 
resistance.  Also,  long-time  storage  in  a very  dry  atmosphere 
will  result  in  the  reverse  resistance  change.  These  effects  are 
reduced  or  eliminated  if  the  composition  resistors  are  potted  or 
hermetically-sealed  into  higher-order  assemblies. 

The  effect  of  moisture  on  film  resistors  varies  according  to 
type.  Corrosion  or  electrolytic  action  involving  impurities  or 
surface  contaminants  is  a major  cause  of  open  circuits  in  the  film 
or  between  the  film  and  end  cap  connections.  Reduced  resistance 
from  this  effect  prior  to  final  malfunction  is  frequently  hard  to 
detect  because  of  the  common  localized  nature  of  the  effect. 
Moisture  absorbed  during  storage  frequently  does  not  cause  serious 
trouble  until  after  a period  of  operation  with  voltage  applied  to 
stimulate  electrolysis. 

Moisture  in  wirewound  resistors  is  frequently  a cause  for 
leakage  between  turns  and  between  layers  which  ultimately  results 
in  insulation  breakdown  and  shorts.  Corrosion  and  electrolytic 
action  results  in  open  wires  or  in  openings  between  resistor  wire 
and  end  cap  connections. 

Potentiometers  cannot  be  sealed  in  a complete  encapsulated 
jacket.  Even  where  the  resistor  element  is  encased  in  a plastic 
or  vitreous  case  there  must  be  a portion  of  each  turn  exposed 
for  contact  with  the  wiper  arm.  This  provides  many  possible  points 
(which  can  seldom  be  fully  sealed)  for  the  entrance  of  moisture. 
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Operator-adjusted  potentiometers  must  have  movable  shafts 
which  protrude  through  the  case  and  front  panel*  This  opens  the 
interior  of  the  potentiometer  to  the  environment  exterior  to 
protecting  cases.  Various  types  of  shaft  seals  such  as  Elastomer 
"0"  rings  are  at  Lest  imperfect  moisture  seals. 

Interior-mounted  trimmer  potentiometers  are  given  some 
shelter  and  moisture  protection  by  the  external  case,  but  even 
these  can  seldom  be  potted  or  hermetically  sealed  inside  a higher 
order  assembly  unit. 

Potentiometers  have  additional  failure  modes  relating  to  the 
wiper  which  are  effected  by  moisture.  Precision  potentiometers 
may  degrade  in  linearity  or  noise  as  a result  of  moisture  absorp- 
tion and  corrosion. 


5.1.2  Non-Operating  Failure  Rate  Predictions 

The  non-operating  failure  rates  in  FITS  (failures  per 
billion  hours)  for  various  types  of  resistors  are  shown  in 
Table  5,1-1. 


, TABLE  5.1-1  RESISTOR  NON-OPERATING  FAILURE  RATES 
TYPE  & STYLE  X IN  FITS 


Composition 


Thermistor 

MIL-STD 

RTH 

Variable 

RT,  RJ 
RTR 

Potentiometer 
RR,  RK,  RP,  RV 
Tin  Oxide 
Hi  Rel 


133.3 

<16.9 


3.79 

3.71 


<8.40 

<0.21 


90%  CONFIDENCE 
LIMIT  X IN  FITS 


RC 

0.22 

0.58 

RCR 

<0.066 

0.15 

Film 

RN,  RL,  RDP 

0.11 

0.42 

RNR,  RLR,  RNC 

0,017 

0.068 

Wire  Wound 

RR,  RE,  RW 

1.19 

3.16 

RBR,  RER,  RWR 

0.20 

1.30 

296.3 

39.1 


10.1 

9.86 


19,4 

0.50 


5.1-2 


5.1.3  Non-Operating  Failure  Rate  Data 

The  failure  rate  table  in  section  5.1.2  is  based  on  storage 
data  consisting  of  over  103  billion  part  hours  from  several  pro- 
grams, with  14  failures  reported.  The  breakdown  of  storage  hours 
and  number  of  failures  for  each  type  of  resistor  is  shown  in 
Table  5.1-2. 

The  small  number  of  failures  does  not  allow  a detailed 
analysis  of  the  data. 

Data  was  obtained  from  eight  sources  and  arc  listed  in 
Tables  5.1-3  through  5.1-10.  Storage  details  from  each  source 
are  described  below: 

Missile  D data  consists  of  159  missiles  stored  for  periods 
from  one  month  up  to  62  months  for  an  average  storage  period  of 
17  months.  The  missile  storage  was  environmentally  controlled 
and  periodic  checkouts  were  performed.  The  data  includes 
approximately  4.5  billion  resistor  storage  hours  with  no  failures. 
All  of  the  devices  in  missile  D are  rated  Hi  Rel. 

Missile  E-1  data  consists  of  874  missiles  stored  for  20 
months.  The  missiles  were  stored  in  containers  exposed  to  ex- 
ternal environmental  conditions  in  the  northeast  U.  S.  They 
were  also  transported  once  from  coast  to  coast.  The  data  in- 
cluded nearly  10.2  billion  oart  hours  with  four  failures  re- 
ported. All  of  the  devices  in  missile  E-1  are  rated  MIL-STD. 

Missile  F data  consists  of  120  missiles,  60  of  which  were 
stored  for  one  year  and  60  for  two  years.  The  missiles  in 
storage  containers  experienced  the  following  environments; 

30  missiles  stored  outside  in  the  Arctic  on  wooden  racks  with 
canvas  covers;  30  missiles  stored  outside  in  the  southeast 
desert  under  open  sided  metal  roof  sheds;  30  missiles  stored 
outside  in  the  canal  zone  under  open  sided  metal  roof  sheds; 
and  30  missiles  stored  in  the  southeast  U.  S,  in  bunkers.  The 
data  includes  794  million  resistor  storage  hours  with  no 
failures  reported. 

Missile  G data  consists  of  39  missiles  stored  for  periods 
from  28  months  to  56  months  for  an  average  storage  period  of 
39  months.  The  missiles  in  storage  containers  experienced  the 
following  environments;  12  missiles  stored  outside  in  the 
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southeast  desert;  12  missiles  stored  outside  in  the  northeast 
U.  S. ; 12  missiles  stored  on  the  Gulf  Coast;  and  23  missiles 
stored  in  bunkers  in  the  southeast  U.  S.  The  data  includes  , 

389  million  resistor  storage  hours  with  no  failures. 

Missile  H data  represents  field  data  from  a recent  army 
missile  program  fielded  in  the  1970 's.  The  major  item  in  which 
the  devices  were  assembled  was  subjected  to  operating  times  at 
high  and  low  temperatvures , shock  and  vibration.  The 
missiles  were  transported  overseas  and  stored  for  various  lengths 
of  time.  No  tests  were  run  until  the  missiles  were  removed  from 
storage  and  returned  to  the  states.  Storage  durations  varied 
from  6 months  to  6 years  with  an  average  time  of  1.8  years. 
Storage  environments  included  cannister  time  in  a controlled 
environment,  cannister  time  subject  to  outside  elements  and 
missile  time  on  pallets  and  on  launchers.  A number  of  samples 
were  also  run  through  road  tests  under  field  conditions.  The 
data  includes  40  billion  resistor  storage  hours  with  one  failure 
reported. 

Missile  I data  consists  of  2,070  missiles  stored  for 
periods  from  1 month  to  40  months  for  an  average  storage  period 
of  14  months.  Approximately  80  percent  of  the  missiles  were 
stored  in  the  U.  S.  depots  while  the  remainder  were  stored  at 
various  bases  around  the  country.  The  data  includes  more  than 
11  billion  resistor  storage  hours  with  1 failure  reported. 

Source  A represents  a reliability  study  performed  under 
contract  to  RADC.  This  source  identified  the  type  and  quality 
grades  for  the  devices,  however,  it  provided  no  information 
regarding  storage  conditions  or  individual  sources.  The  data 
for  source  A is  summarized  in  Table  5.1-9.  Both  MIL-STD  and 
1II-R1;'.L  devices  wore  included. 

Source  D represents  a special  testing  program  on  devices 
stored  in  an  environmentally  controlled  warehouse  for  up  to 
5 years.  Approximately  54  million  resistor  storage  hours  wore 
reported  with  no  failures. 
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TABLE  5.1-9.  SOURCE  A RESISTOR  NON-OPERATING  DATA 
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IS  : 


Resistor  Operational  Prediction  Models 

The  MIL-HDDK-217B  general  failure  rate  model  for  resistors 


-6 


The  general  model  for  the  variable  resistors  is  as  follows; 

~ ^b  ^^TAPS  ^ ^ '^V  ^ ^ ^ ^ 

where : 


X . = 


' 


= 


n 


TAPS 

n 


R 

== 

= 

= 


device  failure  rate 

base  failure  rate 

Tap  Connections  Adjustment  Factor 

Resistance  Adjustment  Factor 
Voltage  Adjustment  Factor 
Construction  Class  Adjustment  Factor 
Environmental  Adjustment  Factor 
Quality  Adjustment  Factor 


The  various  types  of  resistors  require  different  failure  rate 
models  that  vary  to  some  degree  from  the  basic  models.  The  specific 
failure  rate  model  and  the  n factor  values  for  each  type  of  resistor 
are  presented  in  figures  5.2-1  through  5.2-14.  The  base  failure  rate 
ar^d  adjustment  factor  values  in  the  figures  are  based  on  certain 
assumptions.  See  sections  5.2.1  and  5.2.2  for  a description  of  these 
parameters . 

Table  5.2-1  provides  a list  of  resistor  generic  types  with  a 
cross  reference  to  the  corresponding  figure  number  of  the  failure 
rate  model . 

5,2.1  Base  Failure  Rate  (Aj^) 

The  equation  for  the  base  failure  i ate , is; 


^b  = 


<T  + 27^^  I S i/t  + 27^'^ 

^T  / e[\^Nsy^-573—y^ 


H 


5.2-1 


1 


where , 

A is  an  adjustment  factor  for  each  type  of  resistor 
to  adjust  the  model  to  the  appropriate  failure 
rate  level. 

o is  the  natural  logarithm  base,  2.718 

T is  the  ambient  operating  temperature  (degrees  C) 

is  a temperature  constant 

B is  a shaping  parameter 

G,  H,  J are  acceleration  constants 

is  a stress  constant 
s 

S is  the  electrical  stress  and  is  the  ratio  of 
operating  power  to  rated  power 


The  quantitative  values  for  the  base  failure  rate  model 
factors  are  given  in  Tables  5.2-2  and  5.2-3  for  the  different: 
resistor  types. 


TABLE  5.2-2 

FIXED  RESISTOR  BASE  FAILURE  RATE  (Xj^)  FACTORS 


STYLE 

MIL-R 

A 

B 

G 

Ng 

H 



SPEC. 

X 

D 

RB 

3(10)"^ 

1 

398 

10 

1 

1.5 

1 

RBR 

RC 

tl 

4.5 (10)“^ 

11 

12 

N 

343 

ft 

1 

It 

0.6 

n 

1 

n 

1 

RCR 

39008 

(1 

12 

II 

11 

N 

II 

II 

RD 

11804 

0.11 

1 

551 

2.6 

1.45 

1.3 

0.89 

RE 

18546 

3(10)“^ 

2.64 

298 

1 

0.466 

1 

1 

RER 

39009 

(1 

II 

ft 

II 

II 

II 

II 

RL 

22684 

6.5(10)"4 

1 

343 

3 

1 

1 

1 

RLR 

39017 

tf 

II 

It 

11 

It 

H 

II 

RN 

10509 

1{10)”4 

3.5 

398 

1 

1 

1 

1 

RNR 

55182 

M 

II 

II 

tl 

II 

II 

11 

RTH 

No. 

\.  Model. 

See  Figure  6 .2-8 

RW 

26  1 

9.5  (10)--4 

1 

298 

2 

0.5  1 

1 1 

1 

RWR 

39007  1 

It 

If 

II 

II 

” 1 

"1 

II 

'V' 
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TABLE  5.  .2-3 

VARIABLE  RI^SISTOR  BASE  FAILURE  RATE  (Aj^)  FACTORS 


TYPE 

MIL-R 

SPEC. 

A 

B 

^T 

G 

^S 

H 

J 

RA 

19 

3.58(10)-2 

1 

355 

5.28 

1.44 

1 

4.46 

RK 

39002 

II 

tl 

If 

II 

II 

ft 

If 

RJ 

22097 

0.423 

1 

400 

7.3 

2.69 

1 

2.46 

RP 

22 

4.81(10)*-2 

1 

377 

4.66 

1.47 

1 

2.83 

RR 

12934 

7.35(10)-2 

1 

356 

4.45 

2.74 

1 

3.51 

RT 

27208 

6.2  (10)-3 

1 

358 

5 

1 

1 

1 

RTR 

39015 

II 

If 

It 

h 

II 

II 

N 

RV 

94 

6.16 (10) "2 

1 

373 

9.3 

2.32 

1 

5.3 

The  ER  resistor  family  generally  has  four  qualification 
failure  rate  levels  when  tested  per  the  requirements  of  the 
applicable  ER  specification.  These  qualification  failure  rate 
levels  differ  by  a factor  of  ten.  However,  field  data  has  shown 
that  these  failure  rate  levels  differ  by  a factor  about  three, 
hence  the  values  have  been  set  accordingly. 

The  use  of  the  resistor  models  requires  the  calculation  of 
the  electrical  power  stress  ratio,  S = operating  power/rated 
power,  or  per  Section  S.2. 3 for  variable  resistors.  The  models 
have  been  structured  such  that  derating  curves  do  not  have  to  be 
used  to  find  the  base  failure  rate.  The  rated  power  for  the  S 
ratio  is  equal  to  the  full  nominal  rated  power  of  the  resistor. 
For  example,  MIL-R-39008  has  the  following  derating  curve; 


o 
o 

UJ 
< 

<r  60 
(*- 

5 40 
o 

CE 
UJ 

a 


AMBIENT  TEMPERATURE  iN 
DEGREES  centigrade 


If  a 1 watt  resistor  were  being  used  in  an  ambient  tem- 
perature of  90 ®C,  the  rated  power  for  the  S calculation  would  still 


5.2-3 


be  1 watt,  not  60%  of  1 watt.  Of  course,  while  the  derating 
curve  is  not  needed  to  determine  the  base  failure  rate,  it  must 
still  be  observed  as  the  maximum  operating  condition.  To  aid 
in  determining  if  a resistor  is  being  used  within  rated  conditions, 
the  base  failure  rate  tables  show  entries  up  to  certain  combina- 
tions of  stress  and  temperature.  If  a given  operating  stress  and 
temperature  point  falls  in  the  blank  portion  of  the  base  failure 
rate  table,  the  resistor  is  overrated.  Such  misapplication  would 
require  an  analysis  of  the  circuit  and  operating  conditions  to 
bring  the  resistor  within  rated  conditions. 

6.2.2  n Adjustment  Factors 


5. 2. 2.1  Tap  Connections  Adjustment  Factor 


n^Aps  accounts  for  the  effect  of  multiple  taps  on  the 
resistance  element.  It  is  calculated  as  follows: 


^^TAPS^ 


TAPS 


+ 0.792 


where  N^^pg  is  the  nurdaer  of  potentiometer  taps , including 
the  wiper  and  end  terminations. 

5. 2. 2. 2 Resistance  Adjustment  Factor, 

Ilp  adjusts  the  model  for  the  effect  of  resistor  ohmic 
values , 

5. 2. 2. 3 Voltage  Adjustment  Factor,  11^ 

adjusts  for  effect  of  applied  voltage  in  variable  re- 
sistors in  addition  to  wattage  included  in  the  base  failure  rate. 
It  is  baaed  on  the  ratio  of  applied  voltage  to  rated  voltage. 

The  applied  voltage  is  defined  as: 

V applied  = applied 

where  R is  the  total  potentiometer  resistance 
and  P applied  is  the  applied  power. 


5. 2. 2. 4 Construction  Class  Adjustment  Factor, 

n^  accounts  for  influence  of  construction  class  of  variable 
resistors  as  defined  in  individual  part  specifications. 

5. 2. 2. 5 Environmental  Factor,  n„ 

' E 

II„  accounts  for  the  influence  of  environmental  factors  other 

hi 

than  temperature.  Refer  to  the  environments  description  in  the 
Appendix . 

5. 2. 2. 6 Quality  Adjustment  Factor, 

IIq  accounts  for  effects  of  different  quality.  The 
established  reliability  resistor  family  generally  has  four  quali- 
fication levels  when  tested  per  the  requirements  of  the  applicable 
specification. 
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FIGURE  5.2-11  M1L-HD3K-217B  OPERATIONAL  FAILURE  RATE  MODEL 
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=130  for  RA30X-XC,F  = 320  for  RAX-XA 
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FIGURE  5.2-13  MIL-HDBK-217B  OPERATIONAL  FAILURE  RATE  yxODEL 

FOR  VARIABLE  {NON  WIREWOUND  TRIMMERS)  RESISTORS 
(MIL-R-22097,  Style  RJ) 
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.2,3  Calculation  of  Stress  Ratio  for  Potentiometers 

The  stress  ratio  (S)  is  defined  by  the  equation: 

S = 

^eCf  • ^ganged  • ^ rated 

where : 

P 

applied  is  the  equivalent  power  input  to  the 
potentiometer  when  it  is  not  loaded 
(i.e.,  wiper  lead  disconnected).  Its 
value  is  computed  as  the  square  of  the 
input  voltage,  divided  by  the  potentio- 
meter total  resistance. 


W =/V. 

operate  ( in  P)  . 

P 

rated  is  the  power  rating  of  the  potentiometer. 


^ ganged 


is  a correction  factor  to  correct  for  the 

reduction  in  effective  rating  of  the 

potentiometer  due  to  the  close  proximity 

of  two  or  more  potentiometers  when  they 

are  ganged  together  on  a common  shaft. 

the  values  of  n are  obtained  from 

ganged 

Table  5.2-6. 


'off 


is  a correction  factor  for  the  electrical 
loading  effect  on  the  wiper  contact  of  the 
potentiometer.  Its  valvio  is  a function  of 
the  type  of  potentiometer,  its  resistance, 
and  the  load  resistance. 

The  value  o>'  may  bo  comfjuted  as  follow 

R,  " 

II 


1, 


o 1: 1 


U 


r, 


K 


11 


(K„  + 


S.2-2  1 


whoi'o  i 


Kjj  in  n constant  Uopondemt  upon  the  stylo  shown 
In  TftlvU*  S.2-4. 

R,  » load  rosiatanco  (If  R,  is  variable,  use 

It  il 

lowest  value) . 

R^^  a potentiometer  resistance 
The  value  o.t:  c.in  be  obtained  directly  from  Table  5.2-5. 


TABLE  5.2-4 


Potontioraoter 
Type  (Mil  Spec) 

Style 

MIL-R-19 

RA 

0.5 

MIL-R~22 

RP 

1.0 

MIL-R-94 

RV 

0.5 

MIL-R-12934 

RR1000,2100,  1001,  2101, 

2102,  2103,  1400,  1003 

0.3 

MIL-R-12934 

All  other  types 

0.2 

MIL-R-22097 

RJll,  RJ12 

0.3 

MIL-R-22097 

All  Other  types 

0.2 

MIL-R-27208 

RT22,  24,  26,  27 

0.2 

MIL-R-27208 

All  otijcr  types 

0.3 

MIL-R-39002 

RK 

0.5 

MIL-R-39015 

RTR22,  24 

0.17 

MIL-R-39015 

RTR12 

0.3 

TABLE  5.2-5.  LOADED  POTENTIOMETER  DERATING  FACTOR,  H .. 

6 r ii 


^1  / 

P 

'<11 

0.5 

01.0 

0.167 

0.2 

0.3 

0.1 

.02 

.008 

.05 

.04 

.03 

0.2 

.05 

.03 

.15 

.13 

.07 

0.3 

.10 

.05 

.25 

.22 

.16 

0.4 

.15 

.08 

.35 

.31 

.23 

0 . 5 

. 20 

.11 

.43 

.38 

.29 

0.6 

.25 

.14 

.49 

.45 

.35 

0,7 

. 29 

.17 

.55 

.51 

.40 

0 . 8 

. 3 3 

.20 

.60 

.55 

.45 

0.9 

. 37 

.22 

.63 

.59 

.49 

1.0 

.40 

.25 

.67 

.63 

.53 

1 .5 

. 5 3 

. 36 

.77 

.74 

.65 

2.0 

.62 

.44 

.83 

.80 

.72 

3.0 

. 72 

. 56 

.89 

.87 

.81 

4.0 

. 78 

.64 

.91 

.90 

.86 

5.0 

. 82 

.69 

.93 

.92 

.88 

10.0 

.90 

.83 

.96 

.96 

.94 

100.0 

. 98 

1.00 

1.00 

.99 

r;  > 


5 . 3 OperfttiQnaX/Non-Op>cation»l  Failugq  R»t«i  Compariion 

Tablo  S<3»1  preaenta  tha  oparational  failura  rataa  with  tha 
oparatlon  to  non-oparation  failura  rata  ratio*  Tha  oparational 
failura  rataa  wara  oaloulatadl  uaing  tha  NXL-HDBK-217&  pradlotion 
modala  and  tha  following  aaaumptionat 

For  carbon  oompoaition#  film  and  wirawound  raaiatora#  a 
quality  laval  'N*  with  laaa  than  lOOX  raaiatanoa  at  25*C  waa 
aaaumad  with  a 50  parcant  ratio  of  oparating  to  ratad  wattaga* 

For  variable  raaiatora#  a praoialon  wirawound  potantiomatav 
with  3 taps,  upper  quality,  laaa  than  lOX  raaiatanoa  and  50  per** 
cant  derating  waa  assumed. 

The  launch  oper;)tion  faotora  ware  extracted  directly  from 
M1L-HDBK-217B, 
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G . 0 CgpacitorB 

Capacitors  used  in  electronic  equipment  are  usually  cate- 
goriased  into  types  based  on  the  dielectric  material  used  and 
their  physical  construction. 

The  following  summarizes  some  characteristics  of  specific 
capacitor  types. 

Film  dielectric  capacitors  with  paper,  paper/plastic,  or 
plastic  dielectrics  are  commonly  made  by  interleaving  thin  films 
of  dielectric  material  with  metallic  foils  which  serve  as  electrodes. 
The  resulting  four-layer  wedge  is  spiral-wound  into  a tight 
cylindrical  roll.  Leads  are  attached  to  this  capacitor  section  by 
soldering  or  welding.  There  are  two  basic  internal  constructions. 

The  inserted  tab  construction  utilizes  flat  metal  tabs  which  are 
laid  against  the  electrode  during  winding.  These  tabs  are 
brought  out  within  one  turn  of  each  other  and  are  connected  to 
external  leads.  The  tabs  are  usually  connected  to  the  electrodes 
without  solder.  In  the  extended  foil  type  of  construction,  the 
electrode  foils  are  offset  from  each  other  such  that  the  end  of 
each  electrode  turn  is  exposed  only  at  one  end  of  the  roll  assembly. 
The  leads  are  attached  at  opposite  ends  and  connect  all  turns  of 
each  electrode  in  parallel. 

Paper  dielectric  capacitors  have  several  constructions: 
metallic  cases  with  leads  existing  through  glass-to-metal  hermetic 
seals,  mylar  wrap  encasement,  and  polystyrene. 

Electrolytic  capacitors  include  aluminum,  non-solid  tantalum 
and  solid  tantalum. 

Glass  and  mica  dielectric  capacitors  have  non-flexible 
dielectric  materials.  To  obtain  the  higher  capacitance  units, 
thin  layers  of  the  dielectric  are  stacked  between  multiple  elec- 
trodes. Alternate  electrodes  are  connected  in  parallel.  The 
electrodes  can  be  either  metallic  foil  or  a metallic  film  painted 
directly  on  the  dielectric.  The  assembled  stack  of  electrodes  and 
dielectrics  is  held  in  close  contact  by  clamps  or  by  the  capacitor 
encasement . 

Mica  dielectric  capacitors  are  available  either  with  a molded 
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encasement  or  with  a conformal  dipped  encasement. 

Glass  and  procelain  dielectric  capacitors  are  encased  in 
glass  and  the  leads  are  pretreated  to  give  a good  glass-to-metal 
seal.  This  provides  high  resistance  to  hxanidity.  Flexible  or 
semi-rigid  conformal  coating  is  recommended  for  these  capacitors. 

Ceramic  dielectric  capacitors  are  generally  available 
either  as  tubular  designs,  as  flat  disc  designs,  or  as  flat 
plate  designs.  Mechanically  the  tubular  designs  consist  of  a 
ceramic  tube  with  silver  bands  (electrodes)  fired  on  the  inside 
and  outside  surfaces.  Capacitance  is  formed  between  the  silver 
bands  with  the  ceramic  as  the  dielectric.  Leads  are  wrapped  around 
each  end  and  soldered  to  the  bands.  Leads  exit  radically  from 
the  tube  and  are  parallel.  The  assembly  is  encapsulated  in  Durez 
resin  which  is  subsequently  vacuum-impregnated  with  a )iigh  melting 
point  wax.  The  disc  capacitors  consist  of  a disc  with'  a thin 
coating  of  metallic  paint  fired  on  each  face.  Parallel  leads  are 
soldered  to  the  metallic  electrodes.  The  assembly  is  encapsu- 
lated in  Durez  and  impregnated  with  a high  melting  point  wax.  Flat 
plate  capacitors  consist  of  a monolithic  stack  in  a molded  case. 

The  internal  stack  consists  of  multiple  films  of  a noble  metal 
spaced  with  thin  films  of  ceramic.  This  assembly  is  fired  to 
give  a monolithic  construction.  Feedthrough  or  standoff  capaci- 
tor designs  are  essentially  a modification  of  one  of  the  above 
three  capacitor  types  in  which  one  plate  of  the  capacitor  becomes 
an  integral  part  of  the  chassis. 

Variable  ceramic  dielectric  capacitors  consist  of  a thin 
ceramic  disc  mounted  in  contact  with  a ceramic  frame  so  that  it 
can  be  rotated  about  its  center.  The  electrodes  consist  of  semi- 
circular silver  patterns.  Capacity  is  changed  by  varying  the 
overlap  of  the  electrodes.  Contact  to  the  rotatable'  electrode  is 
made  by  a spring-loaded  spider  washer  which  holds  disc  in  contact 
with  adjacent  electrode. 

Air  dielectric  variable  capacitors  consist  of  a fixed 
stator  with  parallel  metal  plates  and  a rotor  with  similar  parallel 
plates  located  so  that  these  plates  are  spaced  between  the  stator 
plates . 
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Glass  piston  trlnuners  consist  of  a metal  piston  which 
moves  axially  within  a glass  sleeve.  One  electrode  consists 
of  a metal  band  either  outside  or  embedded  within  the  glass 
sleeve.  The  close  fitting  piston  forms  the  adjustable  electrode 
of  the  capacitor. 
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6.1  Storage  Reliability  Analysis 

6.1.1  Failu.ve  Mechanisms 

Capacitors  are  susceptible  to  water  vapor.  Even  in  her- 
metically-sealed units#  moisture  present  during  manufacture  can 
lead  to  deterioration  of  insulation  or  dielectric  materials.  This 
can  be  a more  serious  consideration  in  certain  poorer  grade 
capacitors . 

The  entrance  of  moisture  through  cracks  in  the  seals  can  b§ 
minimized  in  several  ways.  Capacitors  with  seal  cracks  prior  tp 
installation  in  equipment  should  be  screened  out  and  removed  from 
manufacturing  stock.  Cracks  developed  during  assembly  into  equip- 
ment can  be  prevented  by  careful  process  control  and  sometimes  can 
be  screened  out  by  final  assembly  inspection.  Cracks  which  develop 
during  use  in  later  life  of  the  equipment  can  sometimes  be  traced 
to  low-quality  seals  or  stresses  placed  on  the  leads  during  equip- 
ment manufacture.  Certain  seal  cracks  are  traceable  to  a combina- 
tion of  these  causes  plus  stress  resulting  from  use  environment. 

Electrolytic  capacitors  have  experienced  problems  in  storage,. 
Table  6.1-1  summarizes  the  predominant  failure  mechanism  associated 
with  the  solid  tantalum  capacitors.  Table  6.1-2  summarizes  those 
for  wet  tantalum  capacitors.  Electrolyte  leakage  in  the  wet  tan- 
talum capacitor  has  been  the  major  source  of  problems  while  im- 
purities in  the  solid  tantalum  capacitor  has  caused  problems.  Most 
of  the  failure  mechanisms  associated  with  these  capacitors  are 
accelerated  to  failure  by  a temperature  cycling  environment. 
Continuing  R&D  on  these  devices  in  recent  years  has  brought  about 
a significant  increase  in  reliability. 

6.1.2  Non-Operating  Failure  Rate  Predictions 

The  non-operating  failure  rate  table  for  various  types  of 
capacitors  is  shown  in  Table  6.1-3. 
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i 0 . .1 . 3 Non-OpornUincj  l-'ailviro  Rate  Data 

The  Cailiiro  rate  tabic  in  Section  G.1.2  is  based  on  storage 
I data  consistinci  of  approximately  33  billion  part  hours  with  32 

failures  reported.  Storayc  hours  and  failure  data  for  each  typo 
of  capacitor  is  sliown  in  Table  6.1-4. 

Data  was  obtained  from  eight  sovircos  and  arc  listed  in 
Tables  6.1-5  through  6.1-12.  Details  of  environments  for  each 
source  are  given  below; 

' Niiss.i  le  D data  consists  of  159  missiles  stored  for  periods 
from  one  month  up  to  62  months  for  an  average  storage  period  of 
17  months.  The  missile  storage  was  environmentally  controlled 
and  periodic  clieckouts  were  performed.  The  data  includes 
approximately  1.31  billion  capacitor  storage  hours  with  two 
failures  reported.  Tlie  mica  capacitor  failure  was  recorded  as 
"changed  value."  The  va’^iable  capacitor  failure  was  listed  as 
"shorted . " 

Missile  K-1  data  cotisists  of  874  missiles  stored  for  20 
months.  The  missiles  were  stored  in  containers  exposed  to  ex- 
ternal environmental  conditions  in  the  northeast  D.  S.  Tliey 
were  also  transported  once  from  coast  to  coast.  The  data  in- 
cluded in’arly  4.3  billion  part  hours  with  six  failures  reported. 

All  of  the  devices  in  missile  E-1  are  rated  MIL-STD. 

Missile  !•'  data  consists  of  120  missiles,  GO  of  which  were 
lorcii  for  <.?ne  yiMr  ami  60  for  two  years.  The  missiles  in 

r. lorage  containers,  exj'er  i.cnccd  \ ho  following  environments:  30 
mi  s.s  ill’s,  s.ioved  outsidi’  in  tlie  Arctic  on  wooden  racks  with 
c.inv.ir.  covers;  30  missiles  stored  outside  in  the  southeast 
desei  I under  ojH'n  sided  met.ii  x'oof  sheds;  30  missiles  stoi'cd 

out  side  in  (he  I’an.i  I /.one  vnidcr  open  sided  metal  roof  sheds;  and 
>0  mi  s.s  i ll's,  slored  in  I he  sontheasl.  U.  .S,  in  bvinkors.  The  data 
incluiies.  over  300  million  capacitor  s.lorage  liours  witlt  one 
1.1  i Inn-  rei'oi-ti'd.  The  fai  lure  was  recoiaied  in  (he  mi.ssiles 

s. !  Mil’ll  in  I ho  Arel  i c with  no  failui'e  mode  givi'n. 

Best  Available  Copy 
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TABLE  6.1-4.  CAPACITOR  NON-OPERATING  DATA  SUMf4ARY 
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TABLE  6.1-4.  CAPACITOR  NON-OPERATING  DATA  SUMMARY  (conf d) 
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TABLE  6.1-11,  SOURCE  A CAPACITOR  NON-OPERATING  DATA 
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TABLE  6.1-12.  SOURCE  D CAPACITOR  NON-OPERATING  DATA  (HI-REL) 
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Missile  G data  consists  of  39  missiles  stored  for  periods 
from  28  months  to  Fi6  months  for  an  average  storage  period  of 
39  months.  The  missiles  in  storage  containers  experienced  the 
following  environments:  12  missiles  stored  outside  in  the 
southeast  desert;  12  missiles  stored  outside  in  the  northeast 
U.  S.;  12  missiles  stored  on  the  Gulf  Coast;  and  23  missiles 
stored  in  bunkers  in  the  southeast  U.  S.  The  data  includes 
67  million  capacitor  storage  hours  with  two  failures  reported. 

Missile  H data  represents  field  data  from  a recent  army 
missile  program  fielded  in  the  1970 's.  The  major  item  in  which 
the  devices  were  assembled  was  subjected  to  operating  times  at 
high  and  low  temperatures,  shock  and  vibration.  The  missiles 
were  transported  overseas  and  stored 'for  various  lengths  of  time 
No  tests  were  run  until  the  missiles  were  removed  from  storage 
and  returned  to  the  states.  Storage  durations  varied  from  6 
months  to  6 years  with  an  average  time  of  1.8  years.  Storage 
environments  included  cannister  time  in  a controlled  environment 
cannister  time  subject  to  outside  elements  and  missile  time  on 
pallets  and  on  launchers.  A number  of  samples  were  also  run 
through  road  tests  under  field  conditions.  The  data  includes 
thirteen  and  a half  billion  capacitor  storage  hours  with  two 
failures  reported. 

Missile  I data  consists  of  2.070  missiles  stored  for 
periods  from  1 months  to  40  months  for  an  average  storage 
period  of  14  months.  Approximately  80  percent  of  the  missiles 
were  stored  in  U.  S.  depots  while  the  remainder  were  stored  at 
various  bases  around  the  country.  The  data  includes  more  than 
85  billion  capacitor  storage  hours  with  one  failure  reported. 

Source  A represents  a reliability  study  performed  under 
contract  to  RADC.  This  source  identified  the  type  and  quality 
grades  for  the  devices,  however,  it  provided  no  information 
regarding  storage  conditions  or  individual  sources.  The  data 
for  source  A is  summarized  in  Table  6.1-11.  Both  MIL-STD  and 
HI-REL  devices  were  included. 
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Source  D represents  a special  test  program  on  devices 
stored  In  an  environmentally  controlled  warehouse  for  up  to 
5 years.  Approximately  twenty  one  million  capacitor  storage 
hours  were  evaluated  with  no  failures  reported. 
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6 . 2 Capacitor  Oporntional  Prediction  Models 

The  MIL-HDBK-217B  general  failure  rate  model  for  capaci- 
tors is: 

ip  = (n^  X X X n^)  x io“^ 

where : 

= device  failure  rate 

P 

® base  failure  rate 
rijj  = Environmental  Adjustment  Factor 

= Capacitance  Value  Adjustment  Factor 
= Series  Resistance  Adjustment  Factor 
IIq  = Quality  Adjustment  Factor 

The  various  types  of  capacitors  require  different  failure 
rate  models  that  vary  to  some  degree  from  the  basic  models.  The 
specific  failure  rate  model  and  the  n factor  values  for  each  type 
of  capacitor  are  presented  in  Figures  6.2-1  through  6.2-16.  The 
base  failure  rate  and  adjustment  factor  values  in  the  figures  are 
based  on  certain  assumptions.  See  sections  6.2.1  and  6.2.2  for  a 
description  of  these  parameters. 

Table  6.2-1  provides  a list  of  capacitor  generic  types  with 
a cross  reference  to  the  corresponding  figure  number  of  the  failure 
rate  model.  As  indicated  in  the  table,  the  models  are  broken  out 
by  capacitor  style,  characteristic  and  temperature  rating.  These 
can  be  identified  from  the  capacitor  type  designation.  For 
example,  CQR09  AIM  C152K1M  indicated  style  CQR09 , "A"  rated 
temperature,  and  characteristic  ”M. " 

6.2.1  Base  Failure  Rate  (Aj^) 

The  equation  for  the  base  failure  rate,  , is: 

^ H B(  T + 273  )G  “ 

s 

where : 

A is  an  adjustment  factor  for  each  different  type  of 

capacitor,  to  adjust  the  model  to  the  proper  failure  rate. 

S represents  the  ratio  of  operating  to  rated  voltage. 
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Ng  is  a stress  constant 

e is  the  natural  logarithm  base,  2.718 

T is  the  operating  ambient  temperature  in  degrees 

Centigrade 

is  a temperature  constant. 

B is  a shaping  parameter 
G and  H are  acceleration  constants. 

The  quantitative  values  for  the  base  failure  rate  model 
factors  are  given  in  Table  6.2-2  for  the  different  capacitor  types. 
The  last  column  of  this  table  lists  the  figure  number  that  presents 
the  resulting  base  failure  rate  values. 

6.2.2  Adjustment  Factors 

6. 2. 2.1  Environmental  Factor  n„ 

rig  accounts  for  the  influence  of  environmental  factors  other 
than  temperature.  Refer  to  the  environment  description  in  the 
Appendix. 

6. 2. 2. 2 Capacitance  Value  Adjustment  Factor, 

adjusts  the  model  for  effect  of  capacitance  related  to 

case  size. 

6. 2. 2. 3 Series  Resistance  Adjustment  Factor, 

oK 

rig^  adjusts  the  model  for  the  effect  of  series  resistance  in 

circuit  application  of  some  electrolytic  capacitors. 

6. 2. 2. 4 Quality  Adjustment  Factor, 

IIq  accounts  for  effects  of  different  quality  levels. 

The  Established  Reliability  (ER)  capacitor  family  generally 
has  four  qualification  failure  rate  levels  when  tested  per  the 
requirements  of  the  applicable  ER  specification.  These  qualifica- 
tion failure  rate  levels  differ  by  a factor  of  ten.  However,  field 
data  indicates  that  these  failure  rate  levels  differ  by  a factor 
about  three,  hence  the  values  have  been  set  accordingly. 
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FIGURE  6.2-2  MIL-HDBK-217B  OPERATIONAL  FAILURE  RATE  MODEL  FOR  PAPER  & 

PLASTIC  FILM  CAPACITORS  - 85 °C  MAX  RATED 

(MIL-C-14157, Style  CPV17;  MIL-C-39022 , Style  CHR09 (50  volt  rated) 
CHR39  & 49;  MIL-C-19978 , Style  CQ08 ,09 ,12 ,13-characteristic  M, 
CQ72-characteristic  E,  CDR32  & 33) 
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FOR  MICA  CAPACITORS 

(MIL-C-5,  Style  CM(Molded)  and  MIL-C-39001,  Style  CMR(Dipped) 
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FIGURE  6.2-6  MIL-HDBK-217B  OPERATIONAL  FAILURE  RATE  MODEL 
FOR  GLASS  CAPACITORS 
(MIL-C-23269,  Style  CYR) 
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FIGURE  6.2-7  MIL-HDBK-217B  OPERATIONAL  FAILURE  RATE  MODEL 'FOR 

CERAMIC  (General  Purpose)  CAPACITORS  - 85°C  MAX  RATED 
(MIL-C-11015 , 'A*  rated  temperature;  MIL-C-39014, 
Style.CKRlS,  48,  64,  72) 
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FIGURE  6.2-11  MIL-HDBK-217B  OPERATIONAL  FAILURE  RATE  .MODEL 
FOR  TANTALUM  ELECTROLYTIC  (Solid)  CAPACITORS 
(MIL-C-3900  3,  •,  tyle  CSR) 


0 

+J 

w 

t:: 

r-l 

u 

03 

lu 

<-( 

(t) 

4J 

G 

•p 

c 

O'! 

c 

Cl) 

*»H 

e 

G 

c 

CU 

c 

o 

m ■ 

0 

p 

p 

•H 

•H 

> 

TJ 

> 

c 

C 

w 

P 

w 

o 

y^ 

CD 

10 

H 

CJt 

J>:rLnu:)r^ooocvj^r^O‘«^co‘^oco 
LntninLnLnvDv^»^'^r^r^r^cocr»aN 


eo* 


FIGURE  6.2-12  MIL-nDBK-217B  OPERATIONAL  FAILURE  RATE  MODEL 

FOR  TANTALUM  ELECTROLYTIC  (Non-Solid)  CAPACITORS 
{MIL-C-39006 , Style  CLR  and  MIL-C-3965,  Style  CL) 
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FIGURE  6.2-13  MIL-HDBK-217B  OPERATIONAL  FAILURE  RATE  MODEL 
FOR  ALUMINUM  ELECTROLYTIC  CAPACITORS 
(MIL-C-39018 , Style  CU  (Aluminum  Oxide)) 
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-14  MIL-HDEK-217B  OPERATIOIIAL  FAILUPi:  RATE  MODE 
?0?.  ALL’MirJUM  DRY  ELECTROLYTIC  CAJ>ACITORS 
(MIL-C-62) 
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TABLE  6.2-2 

CAPACITOR  BASE  FAILURE  RATE  (X.  ) FACTORS 


Style 


MIL-C- 

SPEC 


CQ  & 
CQR 


10950  8.9(10)-4 
20  3.6(10)“^ 


39022 

39022 

11015 
Max  Rated 
T=85‘’C 

Max  Rated 


4.2(10)“^  1 

5.5(10)~5  2.f 

5.5(10)“5  2.5 


8.9(10)“4  1 


T=125'’C  8.9(10) 


Max  Rated 
T=150‘’C 

39014 

3965 

39006 


39001 


14157 

14157 


14157 


19978 


39003 


39018 


23269 


14409 


8.9(10)-'^ 

See  Style  CK. 
3.8(10)"^  1 

See  Style  CL. 
6.9(10)"^^  16 

6.9(10)”^^  16 

5.5(10)-5  2.5 

5.5(10)"^  2.5 

5.5(10)-'5  2.5 


See  Style  CPV, 
3(10)-3  1 

3.3(10)“^  3 

1.5(10)-3  1 

3.3(10)"^  16 

1.46(10)"®  I 


.3  3 


.3  3 


.3  3 
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6 . 3 Operational/Non-Operational  Failure  Rate  Comparison 

Table  6.3-1  presents  the  operational  failure  rates  and  the 
operating  to  non-operating  failure  rate  ratio.  The  operating 
failure  rates  were  calculated  using  the  MIL-HDBK-217B  prediction 
models  assuming  the  following  factors: 

For  paper , mica , glass  and  ceramic  capacitors , a voltage 
derating  of  50  percent  was  assumed  for  a quality  level  'M'  part 
at  25*C. 

For  tantalum  capacitors , a 50  percent  voltage  derating  was 
assumed  for  a quality  level  part  with  0.1  ohms  per  volt  cir- 
cuit resistance. 

For  aluminum  electrolytic  capacitors,  a voltage  derating  of 
50  percent  for  an  upper  quality  level  part  was  assumed. 

For  variable  piston  type  capacitors,  a 50  percent  voltage 
derating  was  assumed  for  an  upper  quality  level  part  at  25“C. 

The  comparison  between  operational  and  non-operational 
shows  a higher  failure  rate  in  storage  for  paper,  plastic  and 
mica  capacitors. 

Missile  launch  ratios  were  obtained  directly  from  MIL-HDBK- 


217B. 


table  6.3-1.  CAPACITOR  (»>ERATXliG  AHD  HOH-OPESATIIIG 


Vaxia±>le^  Piston 


7 . 0 Inductive  Devices 

Inductive  devices  refer  to  a wide  category  of  components 
dependent  upon  a number  of  turns  of  wire  designed  to  oppose  a 
change  in  current  flow  in  an  electric  circuit,  to  produce  mag- 
netic flux  or  to  react  mechanically  to  a changing  magnetic  flux. 

The  three  most  common  inductive  devices  are  coils  (induc- 
tors), transformers  and  inductive  filters. 

A coil  is  simply  several  turns  of  wire  around  a supporting 
structure.  Since  inductive  operation  depends  on  the  physical 
spiral  arrangements  of  the  wire,  provisions  are  taken  to  prevent 
contact  between  adjacent  wire  turns.  This  is  accomplished  by 
insulating  the  wire.  Potting  the  entire  device  also  provides 
insulation  and  provides  additional  mechanical  strength. 

A transformer  is  a device  consisting  of  two  or  more  coils 
coupled  together  by  magnetic  induction.  Its  main  components 
are  input  and  output  coils  and  a core  around  which  the  coils  are 
wound.  As  in  the  case  of  the  simple  coil,  the  wire  turns  in  the 
input  and  output  coils  must  be  insulated  from  each  other. 

An  inductive  filter  is  a network  which  purpose  is  to 
selectively  block  or  allow  passage  of  certain  frequencies  or 
band  of  frequencies.  It  is  comprised  of  several  coils  in  net- 
work form  mounted  on  a supporting  structure  such  as  a printed 
circuit  board  or  any  other  suitable  means.  In  its  basic  form 
the  common  RF  choke  can  be  considered  the  simplest  form  of  in- 
ductive filter. 

Transformers  and  inductors  are  classified  in  accordance 
to  their  intended  use  by  MIL-T-27A.  The  specification  lists 
six  grades  of  transformers  and  inductors.  Each  grade  is 
intended  for  use  as  indicated  in  Table  7.0-1. 

Most  transformer  and  inductor  failures  consist  of  break- 
down of  insulating  material.  Therefore,  selection  of  insulating 
material  is  of  paramount  importance.  Insulating  material  has 
been  classified  in  accordance  with  their  temperature  characteris- 
tics in  AIEE  Standard  No.  1.  This  classification  is  shown  in 
Table  7.0-2. 
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TABLE  7.0-1.  MIL-T-27A  TRANSFORMERS  AND 
INDUCTORS  CLASSIFIED  BY  GRADE 

GRADE  INTENDED  USE 

1 Where  maximum  reliability,  liJJe,  or  operation 
under  all  climatic  conditions  is  required. 

2 Where  flame  resistance  is  required  in  addition 
to  the  requirements  of  Grade  1. 

3 Where  little  or  no  protection  from  climatic 
conditions  is  required. 

4 Where  extreme  resistance  to  shock  and  vibra- 
tion is  required  in  addition  to  the  requirements 
of  Grade  1 . 

5 Where  resistance  to  flame  is  required  in  addi- 
tion to  the  requirements  of  Grades  1 and  4. 

6 Where  little  or  no  protection  from  climatic 
conditions  is  required  but  where  extreme  re- 
sistance to  shock  and  vibration  is  needed. 


A cross  reference  between  AIEE  Standard  No.  1 and  MIL— T-27  ^ 

.;i 

is  shown  in  Table  7.0-3.  * 


TABLE  7.0-3.  COMPARISON  OF  INSULATING  MATERIALS 
DEFINED  BY  AIEE  STANDARD  NO.  1 
AND  MIL-T-27A* 


HOTSPOT  TEMP 
(‘’O 

AIEE 

Designation 

MIL~T-27A 

Designation 

85 

tm. 

Q* 

90 

0 

- 

105 

A 

R 

130 

B 

S 

170 

«*• 

T 

180 

H 

- 

170 

U 

No  limit 
specified 

C 

**• 

* Applicable  to  MIL-T-27  Grades  1 and  4 only. 
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TABLE  7.0-2 


TEMPERATURE  CLASSIFICATION  OP  INSULATING  MATERIALS  IN 
ACCORDANCE  WITH  AIEE  STANDARD  NO.  1 

HOTSPOT 

CLASS  DESCRIPTION  OP  MATERIAL  TEMP  (®C) 

0 Consists  o£  cotton#  sxXk#  paper#  and  similar  90 

organic  materials  when  neither  impregnated*  nor 
inunersed  in  a liquid  dieiootria 

A Consists  oft  (1)  cotton#  silk#  paper#  and  similar  105 

organic  materials  when  either  impregnated*  or 
immersed  in  a liquid  dielectric;  (2)  molded  and 
laminated  materials  with  cellulose  filler# 
phenolic  resins#  and  other  resins  of  similar 
properties;  (3)  films  and  sheets  of  cellulose 
acetate  and  other  cellulose  derivatives  of  simi- 
lar properties?  and  (4)  varnishes  (enamel)  as 
applied  to  conductors 

B Consists  of  mica#  asbestos#  fiberglass#  and  simi-  130 

lar  inorganic  materials  in  built-up  form  with 
organic  binding  substances.  A small  proportion  of 
Class  A materials  may  be  used  for  structural  pur- 
poses only** 

H Consists  of  (1)  mica#  asbestos#  fiberglass  and  180 

similar  inorganic  materials  In  built-up  foi'm  with 
binding  substances  composed  of  silicone  compounds 
in  rubbery  or  resinous  forms#  or  materials  with 
equivalent  properties,  A minute  proportion  of 
Class  A materials  may  be  used  only  when  essential 
for  structural  purposes  during  manufacture*** 

C Consists  entirely  of  mica,  porcelain#  glass #quartz,  No  limit 
and  simi3.ar  inorganic  materials  selected 

*An  insulation  is  considered  to  be  "impregnated"  when  a suitable 
substance  replaces  the  air  between  its  fibers#  even  if  this  substance 
does  not  completely  fill  the  spaces  between  the  insulated  conductors. 
The  impregnating  substances,  in  order  to  bo  considered  suitable,  must 
have  good  insulating  properties?  must  entirely  cover  the  fibers#  and 
render  them  adherent  to  each  other  and  to  the  conductor?  must  not 
produce  interstices  within  itself  as  a consequence  of  evaporation  of 
the  solvent  or  through  any  other  cause;  must  not  flow  during  the 
operation  of  the  machine  at  full  working  load  nor  at  the  temperature 
limit  specified?  and  must  not  unduly  deteriorate  under  prolonged 
action  of  heat, 

**The  electrical  and  mechanical  properties  of  the  insulated  winding 
must  not  be  impaired  by  application  of  the  temperature  permitted  for 
Class  B material.  (The  word  "impaired"  is  here  used  in  the  sense  of 
causing  any  change  that  could  disqualify  the  insulating  material  for 
continuous  service.)  The  temperature  endurance  of  different  Class  B 
insulation  assemblies  varies  over  a considerable  range  in  accordance 
with  the  percentage  of  Class  A materials  employed  and  the  degree  of 
dependence  placed  on  the  organic  binder  for  maintaining  the  structural 
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TABLE  7.0-2  (oont'd) 


Inttgrity  of  tho  Iniulatlon, 

'*'**The  olaotrioAl  and  maohanloal  propertloa  of  the  insulated  winding 
shall  not  be  impaired  by  the  application  of  the  temperature  per- 
mitted for  Class  H material.  (The  word  "impaired"  is  here  used  in 
the  sense  of  causing  any  change  that  could  disqualify  the  insulating 
material  for  continuous  service.) 
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7 • 1 storage  Reliability  Analysis 
7.1.1  Failure  Modes 

The  most  common  failure  mode  for  inductive  devices  are 
shorts  and  opens.  Shorts  usually  are  the  result  of  breakdown 
of  insulation.  During  operation,  breakdown  of  insulation  is 
normally  the  result  of  over  voltage  and  current  developing  hot 
spots.  This  leads  to  embrittlement  and  degradation  resulting 
in  ultimate  breakdown.  During  storage,  this  is  the  result  of 
chemical  changes  and  deterioration  accelerated  by  temperature, 
humidity  and  reactions  with  atmosphere  gases. 

Opens  are  associated  with  breakage  of  fine  winding  wire. 
Unless  caused  by  mechanical  shock  or  stresses  opens  are  normally 
associated  with  manufacturing  problems  such  as  stress  in  relief 
loops,  wire  nicks,  and  soldering  of  lead  wires  to  the  windings. 

Failure  modes  are  also  accelerated  by  use  conditions.  The 
effects  of  various  use  and  storage  conditions  on  coils  and 
transformers  are  summarized  in  Table  7.1-1. 


Table  7.1-1  . FAILURE  *«>DBS  AFFECTED  BY 
VARIOUS  USE  AW)  STORAOE  COEDlTlOyS 


Vlbmttwi  Mtaetc 

ahoekaatMto 

TwpvTwn  snvw 

HumUMp  BOaeto 

VSfSSSn 

UfMts  ' 

Storaga  Effaeth*- 

ItaMtomiara 

\ 

Short>:  optiwi  moatU* 
tUM  of  oiilput 

Short*;  opoM; 

output 

Rodueod  dtolaotrle; 
opmo;  uhorta;  hot 
•pots;  BaoifdriMUoa 

Corrosion;  fungus; 
shorts;  opaus 

Corrosion; 

shorts; 

opans 

Datarlorstion 
of  potting  and 
dlalaotrlo 

Lom  of  sonalttvttjr. 
dofuning;  hrokUag 
of  geofa.  twdi. 

Loud  brtultag*: 

of  ■oMtttwty 

warping,  malting; 

incM^tpi  ataag* 
hiartoa^  PHP» 

Bloetrotysls; 

i 

Corrosion; 

iiastie% 
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7.1.2  Non-Operational  Failure  Rate  Predictions 

The  non-operational  failure  rates  for  the  four  types  of 
components  analyzed  are  shown  in  Table  7.1-2. 

TABLE  7.1-2.  INDUCTIVE  DEVICES  NON-OPERATIONAL 

FAILURE  RATES 


MIL-STD 

HI-REL 

DEVICE  TYPE 

X X 10”^ 

90%  CL 

X 10“5 

X X 10“^ 

90%  CL 

X 10“9 

Filters  & Chokes 

9.62 

37.4 

.55 

1.47 

Coils 

<1.34 

3.1 

1.11 

2.95 

Transformers 

13.9 

21.9 

.91 

2.01 

Reactors 

<76.9 

177.7 

3.12 

12.1 

7.1.".  Non-Operating  Failure  Rate  Data 

The  data  base  on  inductive  devices  included  over  10.5  billion 
storage  part  hours  from  seven  different  sources. 

Missile  D data  (Table  7,1-3)  consists  of  159  missiles  stored 
for  periods  from  one  month  up  to  62  months. for  an  average  storage 
period  of  17  months.  The  missile  storage  was  environmentally 
controlled  and  periodic  checkouts  were  performed.  The  data  in- 
cludes 246  million  inductive  device  storage  hours  with  no  failures. 
All  of  the  devices  in  missile  D are  rated  Hi-Rel. 

Missile  E-1  data  (Table  7.1-4)  consists  of  874  missiles  stored 
for  20  months.  The  missiles  were  stored  in  containers  exposed  to 
external  environmental  conditions  in  the  northeast  U.  S.  They 
were  also  transported  once  from  coast  to  coast.  The  data  included 
nearly  one  billion  part  hours  without  a single  failure.  All  of 
the  devices  in  missile  E-1  are  rated  MIL-STD. 

Missile  F data  (Table  7.1-5)  consists  of  120  missiles,  60 
of  which  were  stored  for  one  year  and  60  for  two  years.  The 
missiles  in  storage  containers  experienced  the  following  environ- 
ments: 30  missiles  stored  outside  in  the  Arctic  on  wooden  racks 

with  canvas  covers;  30  missiles  stored  outside  in  the  southwest 
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desert  under  open  side  metal  roof  sheds  (12  feet  high) ; 30 
missiles  stored  outside  in  the  canal  zone  under  open  side  metal 
roof  sheds  (12  feet  hxgh) ; and  30  missiles  stored  in  the 
southeast  U.  S.  in  bunkers.  The  data  includes  18  million  in- 
ductive device  storage  hours  with  no  failures.  All  of  the 
devices  in  missile  F are  rated  Hi-Rel. 

Missile  G data  (Table  7.1-6)  consists  of  39  missiles 
stored  for  periods  from  28  months  to  56  months  for  an  average 
storage  period  of  39  months.  The  missiles  in  storage  containers- 
experienced  the  following  environments:  12  missiles  stored 
outside  in  the  southwest  desert;  12  missiles  stored  outside  in 
the  noftheast  U.  S.;  12  missiles  stored  on  the  Gulf  coast;  and 
23  missiles  stored  in  bunkers  in  the  southeast  U.  S.  The  data 
includes  12  million  inductive  device  storage  hours  with  no 
failures.  All  of  the  devices  in  Missile  G are  rated  Hi-Rel, 

Missile  H data  (Table  7.1-7)  represents  field  data  from  a 
recent  army  missile  program  fielded  in  the  1970 's.  The  major 
item  in  which  the  devices  were  assembled  was  subjected  to 
operating  times  at  high  and  low  temperatures,  shock  and  vibration. 
The  missiles  were  transported  overseas  and  stored  for  various 
lengths  of  time.  No  tests  were  run  until  the  missiles  were 
removed  from  storage  and  returned  to  the  states.  For  1,071 
missiles,  storage  durations  varied  from  6 months  to  6 years 
with  an  average  time  of  1.8  years.  Storage  environments  in- 
cluded cannister  time  in  a controlled  environment,  cannister 
time  subject  to  outside  elements  and  missile  time  on  pallets 
and  on  launchers.  A number  of  samples  were  also  run  through 
road  tests  under  field  conditions.  Almost  4.5  billion  part 
hours  were  reported  by  this  source  with  four  failures.  All 
of  the  devices  in  this  missile  are  rated  Hi-Rel. 

Missile  I data  (Table  7.1-8}  consists  of  2,070  missiles 
stored  for  periods  from  1 month  to  40  months  for  an  average 
storage  period  of  14  months.  Approximately  80  percent  of  the 
missiles  were  stored  in  U.  S.  depots  whilu  the  remainder  were 
stored  at  various  bases  around  the  world.  The  data  includes 
618  million  inductive  device  storage  hours  with  1 failure  re- 
corded for  a reactor.  All  of  the  devices  in  Missile  I are 
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rated  Hi-Rel. 

Source  A represents  a reliability  study  performed  under 
contract  to  RADC.  This  source  identified  the  type  and  quality 
grades  for  the  devices,  however,  it  provided  no  information 
regarding  storage  conditions  or  individual  sources.  The  data 
for  source  A is  summarized  in  Table  7.1-9.  Both  MIL-STD  and 
HI-REL  devices  were  included. 

The  jources  identified  six  types  of  devices;  fi^^ers, 
chokes,  coils,  transformers,  inductors  and  reactors.  Since  an 
RF  choke  is  a simple  filter,  the  data  on  these  two  devices 
were  combined.  Inductors  and  coils  are  basically  different 
names  for  the  same  device,  therefore  these  data  were  combined. 

Statistical  tests  were  then  employed  to  determine  the 
feasibility  of  combining  the  data  from  the  different  sources. 
These  tests,  presented  in  Appendix  A,  test  the  likelihood  that 
the  failure  rates  from  different  sources  come  from  the  same 
population.  If  the  tests  are  positive,  it  is  most  likely  that 
the  failure  rates  belong  to  the  same  population  and  hence 
the  data  may  be  combined  to  form  a single  failure  rate.  If  the 
tests  are  negative,  the  failure  rates  are  most  likely  from 
different  populations  and  should  not  be  combined. 

For  each  device  type,  the  tests  proved  positive.  The  data 
f,:om  the  different  sources  was  pooled  together  for  each  quality 
grade  (MIL-STD,  Hi-Rel) . 


TABLE  7.1-3. 


MISSILE  D NON-OPERATING  DATA 

FOR  INDUCTIVE 

DEVICES 

(HI-REL) 

DEVICE  TYPE 

NUMBER 

DEVICES 

STORAGE  , 
HRS.  X 10® 

NUMBER 

FAILED 

FAILURE  RATE 
IN  PITS 

Coil,  RF 

9699 

118.094 

0 

< 8.47 

Transformer,  Power 

1431 

17.424 

0 

<57.4 

Transformer,  RP 

5406 

65.823 

0 

<15.2 

Transformer,  AF 

795 

9.680 

0 

<103.3 

Transformer,  Pulse 

1749 

21.296 

0 

<47.0 

Reactor 

1113 

13.552 

0 

<73.8 

TABLE  7.1-4 


MISSILE  E-1  NON-OPERATING  DATA  FOR  INDUCTIVE  DEVICES  (MIL-STD) 


STORAGE 

FAILURE 

NUMBER 

HOURS 

NUMBER 

RATE 

DEVICE  TYPE 

DEVICES 

X 10® 

-FAILED 

IN  FITS 

Filters 

General  Class 

5244 

76.562 

0 

(<13.1) 

Coils 

RF 

34086 

497.656 

0 

(<2.0) 

Toroidal 

1748 

25.521 

0 

C<39.2) 

IF 

5244 

76.562 

0 

(<13.1) 

Transformers 

Reference 

5244 

76.562 

0 

(<13.1) 

Audio 

1748 

25.521 

0 

(<39.2) 

Power 

874 

12.760 

0 

(<78.4) 

Signal 

1748 

25.521 

0 

(<39.2) 

Inductors 

General  Class 

1748 

25.521 

0 

(<39.2) 

RF 

7866 

114.844 

0 

C<8.7) 

Reactors 

874 

12.760 

0 

(<78.4) 

TABLE 
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MISSILE  F NON- 

OPERATING  DATA 

FOR  INDUCTIVE  DEVICES 

(HI-REL) 

STORAGE 

FAILURE 

NUMBER 

HOURS 

NUMBER 

RATE 

DEVICE  TYPE 

DEVICES 

X 106 

FAILED 

IN  FITS 

Reactor 

8586 

15.768 

0 

(<63.4) 

Transformer,  AF 

120 

2.628 

0 

(<380. 5) 

TABLE  7.1-6 

MISSILE  G NON 

-OPERATING  DATA 

FOR  INDUCTIVE  DEVICES  (HI-REL) 

DEVICE  TYPE 

NUMBER 

DEVICES 

STORAGE 

HOURS 

X 106 

NUMBER 

FAILED 

FAILURE 

RATE 

IN  FITS 

Reactor 

312 

8.947 

0 

<111.8 

Filter,  RF 

78 

2.237 

0 

<447.2 

Transformer,  AF 

39 

1.118 

0 

<894.5 

7.1-5 
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MISSILE  H NON-OPERATING  DATA  FOR  INDUCTIVE  DEVICES 

(HI-REL) 


DEVICE  TYPE 

NUMBER 

DEVICES 

STORAGE 

HOURS 

X 10® 

NUMBER 

•FAILED 

FAILURE 

RATE 

IN  FITS 

Filters 

General  Class 

220626 

3505.0 

2 

0.57 

Coils 

General  Class 

46053 

731.6 

2* 

2.73 

Transformers 
General  Class 

13923 

221.2 

0 

(<4.52) 

Reactors 

1071 

17.0 

0 

(<58.8) 

*Failure  inode  was  unsoldered  connection  inside  coil. 
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MISSILE  I NON-OPERATING  DATA  FOR  INDUCTIVE  DEVICES 


(HI-REL) 

DEVICE  TYPE 

NUMBER  STORAGE 

DEVICES  HOURS 

X 10^ 

NUMBER 

FAILED 

FAILURE 

RATE 

IN  FITS 

Coil 

33120 

329.44 

0 

<3.03 

Reactor 

24840 

247.08 

1 

4.05 

Transformer 

4140 

41.18 

0 

<24.28 
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TABLE  7.1-10 

INDUCTIVE  DEVICES  STORAGE  FAILURE  RATES  & CONFIDENCE  LIMITS 


DEVICE  TYPE 

STORAGE  HRS. 

X 10® 

— — MIL- 

FAILURES 

STD  — 

X 10  ^ 

90%  CL 

X 10“^ 

Filters  & 
Chokes 

104 

1 

9.62 

37.4 

Coils 

746 

0 

(<1.34) 

3.10 

Transformers 

649 

9 

13.87 

21.9 

Reactors 

13 

0 

(<76.9) 

177.7 

Filters  & 
Chokes 

3615 

2 

0.55 

1.47 

Coils 

1806 

2 

1.11 

2.95 

Transformers 

3309 

3 

0.91 

2.01 

Reactors 

321 

1 

3.12 

12.1 
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7 . 2 Inductive  Devices  Operational  Prediction  Models 

The  MIL-HDBK-217B  general  failure  rate  inodel  for  inductive 
devices  is: 

Ip  = (Hg  X n^)  X 10“® 

where:  X ■ device#'  failure  rate 
P 

X.  = base  failure  rate 
b 

= Environmental  factor 
=>  family  type  factor 


Specific  model  parameter  values  are  given  in  Figure  7.2-1 
for  MIL-T-27  Transformers  and  Induetors  (Audio,  Power  and  HiPower 
Pulse)  and  MIL-C-15305  Radio  Frequency  Coils;  and  in  Figure 

7.2-2  for  MIL-T-21038  Low  Power  Pulse  Transformers. 

The  base  failure  rate  and  adjustment  factor  values  presented 
in  the  figures  are  based  on  certain  assximptions . See  sections 
7.2,1  and  7.2.2  for  a description  of  these  parameters. 


7.2.1  Base  Failure  Rate  {\^) 


The  equation  for  the  base  failure  rate,  isi 

G 


X^  - Ae- 


where 


T„e  “ Hot  stop  temperature  in  degrees  C,  e is  natural 
logarithm  base,  2718, 

A,  N,p,  and  G are  model  equation  constants 

The  determination  of  hot  spot  temperature  is  described  in 

Section  7.2.3. 


The  model  equation  constants  are  given  in  Tables  7.2-1  and 

7.2-3.  The  models  are  valid  only  if  Tj^g  is  not  above  the  tem- 
perature rating  for  a given  insultation  class . 

Devices  in  accordance  with  the  three  specifications  included 
in  this  section  are  identified  by  the  classification  scheme  used 
in  each  specification.  The  following  information  will  help  in 
determining  the  Insultation  Class,  the  Family  Type  and  the 
Construction  Grade  if  only  the  specification  and  type  designation 
are  known : 
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a.  MIL-T-27.  An  example  type  designation  per  this  specifi- 
cation is 

TF  4 R Y 01  GA  203 

x i X . .,  _XL  Jci 

MIL-T-27  Grade  Insulation  Family  Case 

Class  ' Symbol 

The  Grade  and  Insulation  Class  symbols  are  the  same  as  used 
in  Figures  7.2-1  and  7.2-2.  The  codes  used  for  Family  Type  are 

Power  transformer  + filter:  01  thru  09,  37,  thru  41 
Audio  transformer:  10  thru  21,  50  thru  53 
Pulse  transformer:  22  thru  36,  54 

b.  MIL-c-15305.  All  parts  in  this  specification  are  r.f. 
coils.  An  example  type  designation  is 


LT 

4 

K 

001 

T 

i" 

MIL-C- 

Insulation 

15305 

Class 

The  codes  used  for  the  Insulation  Class  are 
Class  B:  4,  5,  6 
Class  0;  7,  8,  9 
Class  A:  10,  11,  12 

c.  MIL-t-21038.  All  parts  in  this  specification  are  pulse 
transformers.  An  example  type  designation  is 


TP 

4 Q 

X llOOBCOOl 

1 

*T 

MIL-T- 

Insulation 

21038 

Class 

The  Insulation  Class  symbols  are  the  same  as  used  in 
Figures  7.2-1  and  7.2-2. 


7.2.2  n Adjustment  Factor 

7. 2. 2.1  Environmental  Adjustment  Factor,  Ilg 

Ilg  accounts  for  the  influence  of  environmental  factors 
other  than  temperature.  Refer  to  the  environment  description 
in  .thje.; Appendix. 

Grade  6 transformers  require  adequate  environmental  pro- 
tection through  encapsulation,  or  sealing;  otherwise,  application 
in  any  of  these  environments  is  unacceptable,  and  values  not 
valid . 
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vTABLE^7i2-l. 

MODEL  EQUATION  CONSTANTS,  MIL-T-27 
INSULATION  OEE^l^ING  .TEME*^, 

(MIL-C-l'530rCl?^gi  In  Pa^r^'gSfi? 


Insulation  Class 


Constants 

oTo^ 

85“C 

R (A) 
lOS^C 

TTir 

130®C 

V* 

155°C 

T* 

170  “C 

u* 

>170?C 

A 

6.37x10"'^ 

7.20x10""^ 

6.06x103^' 

1.83x10“^ 

2.03x10"^ 

2.6xl0~^ 

329 

352 

364 

409 

398 

477 

G 

15.6 

14.0 

8.7 

10.0 

3.8 

8.4 

* Temperature  ratings  for  these  "letters"  are  different  from  Table 

7.2-2. 


TABLE  7.2-2. 

MODEL  EQUATION  CONSTANTS,  MIL-T-21038 
INSULATION  CLASS  & MAX  OPERATION  TEMPERATURE 


Insulation  Class 


Constants 

Q 

85^0 

R 

lOS^C 

S 

130‘’C 

T* 

155‘*C 

U* 

170'’C 

V* 

H70CC 

A 

6.37x10“"^ 

7.20x10-^ 

u.oexio”^ 

1.83x10”^ 

2.03x10“^ 

2.6x10**^ 

Nt 

329 

352 

364 

409 

398 

477 

G 

15.6 

14.0 

8.7 

10.0 

3*8 

8.4 

* Temperature  ratings  for  these  "letters"  are  different  from  Table 

7.2-1. 
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FIGURE  7.2-1  MIL-HDBK-217B  OPERATIONAL  FAILURE  RATE  MODEL 
FOR  MIL-T-27,  TRANSFORMERS  AND  INDUCTORS  (AUDIO,  POWER  & HI  POWER  PULSE) 

AND  MIL-C-15305,  COILS,  RADIO "FREQUENCY 
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FIGURE  7.2-2  M1L-HDBK-217B  OPERATIONAL  FAILURE  RATE  MODEL 
FOR  MIL-T-21038,  TRANSFORMERS,  PULSE,  LOW  POWER 
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7.2.3  Hot  Spot  Temperature 


The  failure  rate,  X^,  of  the  inductive  device  is  a function 
of  the  hot  spot  temperature  of  the  inductive  device.  This  hot 
spot  temperature  can  be  obtained  by  direct  measurement  or  by 
approximation.  Although  the  latter  method  is  normally  used,  there 
may  be  times  when  the  direct  measurement  technique  would  be  advis- 
able. 

7. 2. 3.1  Determination  of  Hot  Spot  Temperature  - Direct  Measurement 


a)  Average  Temperature  Rise,  Change  in  Resistance  Method 

as  described  in  MIL-T-27  (4.8.14)  or  MIL-T-21038  (4.7.14) 


AT  = 


R - r 
r 


(t  + 234.5)  - (T  - t) 


where 


AT  = Temperature  rise  in  degrees  Centigrade  above 
specified  maximum  amliient  temperature 

R = resistance  of  winding  in  ohms  at  temperature 
(T  + AT) 

r = resistance  of  winding  in  ohms  at  temperature 
(t) 

t « specified  initial  ambient  temperature  in 
degrees  Centigrade 

T = maximum  ambient  temperature  in  degrees  Centi- 
grade (at  time  pf  power  shutoff) ; T shall  not 
differ  from  t by  more  than  5®C. 

For  transformers,  rated  voltage  shall  be  applied  to  the 

primary  with  the  specified  loads  across  the  secondaries. 

For  inductors,  rated  d-c  and  a-c,  current  shall  be  applied 

to  the  windings. 

Hot  Spot  Temperature  Rise 


Approximate  value  by  assuming  temperature-rise  of  hot  spot 
is  10  percent  greater  than  highest  average  temperature-rise 
as  measured  or  as  estimated  by  approximate  methods.  See 
para.  7.2. 3.2. 

Actual  measurement  requires  burying  of  thermocouples  or 
thermistors  in  coils;  hence  is  not  feasible  to  measure  on 
complete  part.  However,  for  developmental  devices,  this 
step  should  be  seriously  considered  where  temperature  is 
significant. 
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7 . 2 . 3 . 2 Determination  of  Hot  Spot  Temperature  - Approxiroation 

Approximation  of  the  hot  spot  temperature  can  be  determined 
by  referring  to  Figures  7.2-‘3  through  7.2-6,  which  gives  the 
average  temperature  rise.  Use  the  figure  which  best  correlates 
to  the  known  input  data.  If  Figure  7.2-4  is  used  to  determine 
the  temperature,  use  of  a MIL-T-20138  transformer,  case  AF  will 
give  the  most  practical  result.  The  hot  spot  temperature  is  then 
calculated  as  follows: 

’’hs  =■  ’'a  ' ’•> 

Tjjg  = Hot  spot  temperature  (C^) 

= ambient  temperature  (C®)’ 

AT  “ temperature  rise  (C“) 

When  using  Figures  7.2-3  through  7.2-6,  it  is  advisable  to 
follow  the  order  of  precedence  established  via  Table  7.2-3. 
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7 . 3 Operational/Non-Qperational  Failure  Rate  Comparison 

Operational  to  non-operational  failure  rate  ratios  have 
been  computed  for  comparison  purposes.  Non-operational  failure 
rates  were  derived  in  Section  7.1.  Operational  failure  rates 
were  computed  using  the  models  in  Section  7.2  with  the  following 
assumptions: 

a)  For  coils,  a hot  spot  temperature  of  20 °C  was  assumed. 

b)  For  transformers,  insulation  Class  "Q"  and  a tempera- 
ture rise  of  20 ®C  were  assumed. 

Failure  rate  comparisons  are  summarized  in  Table  7.3-1. 

TABLE  7.3-1.  OPERATING  TO  NON-OPERATING  FAILURE  RATE  RATIO 


DEVICE  CATEGORY 

NON-OPERATING 

X X 10-5 

GROUND,  FIXED 
OPER.X  X 10 "5 

OPERATING  TO  NON- 
OPERATING X RATIO 

Hi-Rel 

Filters 

0.55 

9.6 

17.5 

Coils 

1.11 

6.4 

5.8 

Transformers 

0.91 

9.6 

10.5 

Reactors 

3.12 

6.4 

2.1 

MIL-STD 

Filters 

9.62 

12.8 

1.3 

Coils 

<1.34 

19.2 

14.3 

Transformers 

13.9 

19.2 

1.4 

Reactors 

<76.9 

19.2 

0.25 

7.4  Conclusions 

Compared  to  other  devices,  inductive  components  have  low 
failure  rates.  Therefore,  they  do  not  represent  potential  re- 
liability problems  in  missile  systems. 

Hi-Rel  filters  and  transformers  show  a 10  to  1 improvement 
in  storage  failure  rate  over  MIL-STD  devices.  Coils  did  not 
show  a great  difference  between  Hi-Rel  and  MIL-STD  in  spite  of  the 
fact  that  the  data  base  for  MIL-STD  coils  did  not  contain  a single 
failure  and  therefore  the  failure  rate  quoted  represents  a worst 
case  situation. 
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8 . 0 Crystals 

This  section  contains  reliability  information  and  analysis 
on  crystals.  Available  information  did  not  specify  crystal 
material,  therefore  the  failure  rate  must  be  considered  only 
under  the  general  classification  of  crystals. 

8 . 1 Storage  Reliability  Analysis 

8.1.1  Non-Operational  Failure  Rate 

The  non-operational  failure  rate  for  crystals  was  estimated 
at  39.3  failures  per  billion  hours. 

8.1.2  Non-Operational  Failure  Data 

Approximately  one  hundred  million  storage  hours  for  crysi;..  i.s 
with  four  failures  were  reported  from  four  sources  (Table  8.1-1}. 

TABLE  8.1-1  NON-OPERATING  DATA  FOR  CRYSTALS 


SOURCE 

NO.  OF 

STORAGE  HRS. 

FAILURES  NON-OPERATING 

DEVICES 

X 10^ 

FAILURE  RATE 

IN  FITS 

Missile  D 

795 

9.680 

0 

<103.31 

Missile  H 

3213 

51.0 

4 

78.43 

Missile  I 

2070 

20.98 

0 

<47.66 

Source  A 

20.065 

0 

<49.84 

TOTAL 

101.725 

4 

39.3 

(78.6  fits  - 90% 
'one  sided  confi- 
dence level) 

Missile  D data  consists  of  159  missiles  stored  for  periods 
from  one  month  up  to  62  months  for  an  average  storage  period 
of  17  months.  The  missile  storage  was  environmentally  controlled 
and  periodic  checkouts  were  performed.  The  data  includes  9.68 
million  crystal  storage  hours  with  no  failures. 

Missile  H data  represents  field  data  from  a recent  army 
missile  program  fielded  in  the  1970 's.  The  major  item  in  which 
the  devices  were  assembled  was  subjected  to  operating  times  at 
high  and  low  temperatures,  shock  and  vibration.  The  missiles 
were  transported  overseas  and  stored  for  various  lengths  of  time. 
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No  tests  were  run  until  the  missiles  were  removed  from  storage 
and  returned  to  the  states.  Storage  durations  varied  from 
6 months  to  6 years  with  an  average  time  of  1.8  years.  Storage 
environments  included  cannister  time  in  a controlled  environ- 
ments included  cannister  time  in  a controlled  environment, 
cannister  time  subject  to  outside  elements  and  missile  time  on 
pallets  and  on  launchers.  A number  of  samples  were  also  run 
through  road  tests  under  field  conditions.  Fifty  one  million 
crystal  storage  hours  were  reported  by  this  source  with  four 
failures . 

Missile  I data  consists  of  2070  missiles  stored  for 
periods  from  1 month  to  40  months  for  an  average  storage  period 
of  14  months.  Approximately  80  percent  of  the  missiles  were 
stored  in  U.  S.  depots  while  the  remainder  were  stored  at  various 
bases  around  the  world.  The  data  includes  21  million  crystal 
storage  hours  with  no  failures  recorded. 

Source  A represents  a reliability  study  performed  under 
contract  to  RADC.  This  source  identified  the  type  and  quality 
grades  for  the  devices,  however,  it  provided  no  information  re- 
garding storage  conditions  or  individual  sources.  The  data 
includes  20  million  crystal  storage  hours  with  no  failures. 

8 . 2 Operational  Failure  Rate  Information 

The  operational  failure  rate  for  quartz  crystals  is  listed 
in  MIL-HDBK-217B  as  0.2  failures  per  million  hours. 

8 • 3 Operational/Non-Operational  Failure  Rate  Comparison 

Operational  to  non-operational  failure  rate  ratio  for 
crystals  is  5 based  on  the  above  failure  rates. 
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9 . 0 Miscellaneous  Electrical  Devices 

Table  9.0-1  lists  non-operating  data  and  failure  rates 
for  a number  of  electrical  devices.  The  operating  failure 
rates  were  extracted  from  MIL-HDBK-217B. 


TABLE  9.0-1  MISCELLANEOUS  ELECTRICAL  DEVICES  NON-OPERATING 


AND  OPERATING  FAILURE  RATES 


SOURCE 

DEVICE 

NON-OP. 
HRS.x  10® 

NO. 

FAIL 

NON-OP . 
FAIL.  RATE 
IN  FITS 

OP.  FAIL. 

RATE 

IN  FITS 

RATIO 
OP.  TO 
NON-OP 

A 

Flight  Inst. 
Missile 

264.0 

25 

94.7 

10000. 

106 

A 

Spark  Gap 

7.3 

0 

(<137. 0) 

- 

- 

A 

Fuses 

2.1 

0 

(<476. 2) 

Missile 

F 

Fuse,  Fast 
Acting 

2.6 

0 

(<384. 6) 

- 

Fuses,  Total 

4.7 

0 

(<212. 8) 

100. 

- 

A 

Heaters 

2.6 

0 

(<384. 6) 

1000. 

- 

A 

Magnetic 

Core 

35799.1 

0 

(<.028) 

— 

— 

A 

Soler  Cells 

748.6 

8 

10.7 

- 

- 

A 

Temp.  Sensor 

.2 

0 

(<5000. ) 

Missile 

D 

Temp.  Sensor 

1.9 

0 

(<526. 3) 

Tota*l  Temp. 
Sensors 

2.1 

0 

(<476. 2) 

— 

A 

Lamp , Annun- 
ciator 

.7 

0 

(^1428. 6) 

A 

Lamp,  Electro- 
luminescant  27.3 

1 

36.6 

i. 

A 

Lamp,  Incan- 
descant 

9.5 

1 

105.3 

1000. 

9.5 

Missile 

F 

Lamp , Short 
Arc 

2.6 

0 

(<384. 6) 

200. 

Missile 

E-1 

Lamp , Neon 

12.8 

0 

(<78.1) 

200. 

mm 
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10 . 0 Connectors  and  Connections 

10 . 1 Storage  Reliability  Analysis 

10.1.1  Failure  Modes 

In  joints  of  good  design  and  good  workmanship,  possible 
failure  modes  are  those  due  to  handling,  to  fatigue,  and  to 
corrosion.  Corrosion  and  fatigue  due  to  temperature  changes 
are  probably  the  dominant  failure  mechanisms  in  storage. 

10.1.2  Non-Operating  Failure  Rate  Prediction 

The  non-operating  failure  rate  for  all  types  of  permanent 
connections  in  high  reliability  equipment  is  0.012  failures 
per  billion  hours. 

10.1.3  Non-Operating  Failure  Rate  Data 

The  non-operating  failure  rate  data  analyzed  is  shown  in 
Table  10.1-1,  10.1-2  and  10.1-3. 

Pin  connector  data  (Table  10.1-1)  consists  of  82  billion 
connector  storage  hours  with  one  failure  recorded.  Solder  joint 
connection  data  (Table  10.1-2)  consists  of  35  billion  connection 
storage  hours  with  no  failures  recorded.  The  miscellaneous 
connection  data  in  Table  10.1-3  contains  17  billion  storage 
hours  with  17  failures  recorded.  No  details  are  available  from 
the  data  source  showing  17  failures.  A statistical  test  (see 
Appendix  A)  indicates  that  the  miscellaneous  data  set  is  most 
likely  not  from  the  same  population  data  as  those  in  Tables 
10.1-1  and  10.1-2. 

Since  no  failures  are  shown  for  solder  connections,  the 
predicted  non-operating  failure  rate  for  permanent  connections 
is  based  solely  on  the  pin  connector  data. 

The  following  describes  the  data  sources; 

Source  A is  a data  collection  effort  sponsored  by  RADC 
and  documented  in  Report  No.  IlADC-TR-74-269 , "Effects  of  Dor- 
mancy on  Nonelectronic  Components  and  Materials,"  Oct.  1974. 

No  details  of  storage  conditions,  etc.  are  available  for  this 
data. 


10.1-1 


TABLE  10.1-1.  PIN  CONNECTORS  NON-OPERATING  DATA 


SOURCE 

NO.  OF  DEVICES 

TOTAL  STORAGE 
HRS.  X 10° 

; NO.  OF 

FAILURES 

X IN 
FITS 

A 

* 

163. 

0 

<6.13 

B 

- 

47.4 

0 

<21.1 

C 

- 

79861.0 

0 

<.013 

Missile  E-1 

23598 

344.541 

1 

2.90 

Missile  G 

117 

3.354 

0 

<298.2 

Missile  H 

127449 

2024.7 

0 

<0.49 

TOTAL 

82443.995 

( X = . 
sided 

1 .012 

047  fits  at  90%  one- 
confidence  level) 

TABLE  10.1-2.  SOLDER 

CONNECTIONS  NON-OPERATING 

DATA 

SOURCE 

TOTAL  STORAGE 

HRS.  X 10° 

NO.  OF 
FAILURES 

X IN 

FITS 

A 

169 

0 

<5.92 

B 

316 

0 

<3.16 

C 

34900 

0 

<.029 

TOTAL 

35385 

0 

<.028 

( \ = .065  fits  at  90%  one- 
sided confidence  level) 


TABLE  10.1-3.  MISC.  CONNECTORS  & CONNECTIONS  NON-OPERATING  DATA 


TYPE 

SOURCE 

TOTAL  STORAGE 
HRS.  X 106 

NO.  OF 
FAILURES 

X IN 
PITS 

Stud  & Nut 

A 

24.5 

0 

<40.8 

Welded 

B 

5580. 

0 

<0.18 

General 

C 

11603. 

17 

1.47 

Submarine- 

Gen.  C 

6.3 

0 

<158.73 

TOTAL 

17213.8 

17 

0.99 

(x  = 1. 

37  fits  at 

90%  one- 

sided 

confidence 

level) 
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Source  B is  data  from  dormant  operation  of  spacecraft. 

Report  AD  889943,  "Reliability  Data  from  In-flight  Spacecraft; 
1958-1970"  E.  E.  Bean  and  C.  E.  Bloomquist,  30  Nov.  1971. 

Source  C is  an  early  data  collection  effort  sponsored  by 
RADC:  Report  No.  RADC-TR-68-114 , "Data  Collection  for  Nonelectronic 
Reliability  Handbook,"  June  1968.  No  details  of  environments, 
etc.  are  available  for  this  data. 

Missile  E-1  data  consists  of  874  missiles  stored  for  20 
months.  The  missiles  were  stored  in  containers  exposed  to 
external  environmental  conditions  in  the  northeast  U.  S.  They 
were  also  transported  once  from  coast  to  coast.  The  data  in- 
cluded nearly  three  hundred  and  fifty  million  connector  hours 
with  one  failure.  All  of  the  devices  in  missile  E-1  are  rated 
MIL-STD. 

Missile  G data  consists  of  39  missiles  stored  for  periods 
from  28  months  to  56  months  for  an  average  storage  period  of 
39  months.  The  missiles  in  storage  containers  experienced  the 
following  environments:  12  missiles  stored  outside  in  the 
southeast  desert;  12  missiles  stored  outside  in  the  northeast 
U.  S.;  12  missiles  stored  on  the  Gulf  Coast;  and  23  missiles 
stored  in  bunkers  in  the  southeast  U.  S.  The  data  includes 
three  million  connector  storage  hours  with  no  failures. 

Missile  H data  represents  field  data  from  a recent  army 
missile  program  fielded  in  the  1970' s.  The  major  item  in  which 
the  devices  were  assembled  was  subjected  to  operating  times  at 
high  and  low  temperatures,  shock  and  vibration.  The  missiles 
were  transported  overseas  and  stored  for  various  lengths  of  time. 

No  tests  were  run  until  the  missiles  were  removed  from  storage 
and  returned  to  the  states.  Storage  durations  varied  from  6 
months  to  6 years  with  an  average  time  of  1.8  years.  Storage 
environments  included  cannister  time  in  a controlled  environment, 
cannister  time  subject  to  outside  elements  and  missile  time  on 
pallets  and  on  launchers.  A number  of  samples  were  also  run 
through  road  tests  under  field  conditions.  The  data  includes 
two  billion  connector  storage  hours  with  no  failures  reported. 
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10 . 2 Connector  and  Connection  Operational  Prediction  Models 
10.2.1  Connectors 

The  MIL-HDBK-217B  general  failure  rate  model  for  a mating 
pair  of  connectors  is : 

»P  = l^b  ‘"e  "p*  * “eye'  =< 

where : X = device  failure  rate 
P 

Xj^  = base  failure  rate 

n„  = Environmental  Adjustment  Factor 

hi 

n = Pin  Quantity  Adjustment  Factor 
P 

N = Number  of  active  pins 
Xeye  ~ Cycling  Rate  Factor 

The  term  containing  may  be  ignored  for  connectors 

experiencing  cycling  rates  ;<40  cycles/1000  hr.  Figure  10.2-1 
gives  the  connector  model  and  parameter  values.  Use  of  the  model 
requires  identification  of  insert  materiel.  Table  10.2-1  lists 
insert  materiels  classifications  for  the  various  types  of  connec- 
tors and  Table  10.2-2  identifies  these  insert  materiel  classifi- 
cations and  the  temperature  ranges. 

The  base  failure  rate  and  adjustment  factor  values  presented 
in  Figure  10.2-1  are  based  on  certain  assumptions.  See  Sections 
10.2.1  and  10.2.2  for  a description  of  these  parameters. 


10.2.1.1  Base  Failure  Rate  (Xj^) 


The  equation  for  the  base  failure  rate  X];, 

X 


Xb  » A e 


where 


e = 2.718,  natural  logarithm  base 
T ■ operating  temperature  (®C) , 

= ambient  + temp,  rise  (See  Table  10.2-4), 


A,  Tq,  G and  P are  model  constants  (See  Table  10,2-3). 
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FIGURE  10.2-1  MIL-HDBK-217B  OPERATIONAL  FAILURE  RATE  MODEL  FOR 
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mating  pair  of  connectors  uses  two  types  of  insert  material , 
the  average  of  the  base  failure  rates  for  the  two  insert  types 


TAHUK  10.2-1.  CONnOUKATlON,  APPLICAWl.K 
SPI'X'TPIOATION , AND  INSERT 
MATERIAL  EOR  CONNECTORS 


CcM\fi^urrttion 


Spooi float ion 


Inaert  Material  (see 
Table  10.2-2) 


RauK  Panel 


Mll.-C-2a74« 
MI1.-C-R373  3 
MIli-C-24  30H 


Print  «Hl  wivinq 
lUxird 


MTI..-O-2i0‘)7 

MTl.-C-!>r)3Q2 


CaUh',  Clroulai' 


IH^wo  r 

Coaxial,  HE 


MTi,-c-r>oir> 
MIl,.-C-2f.4  82 
Ml'l.-C- 38990 
MIL-C-8ir>l,l 
Mn.‘-C-8372  3 

MII.-C-37A7 


Mti.-C* 

MTL-C* 

MTL-C- 

MIL-C- 

MII.-C- 

MII.-C- 


3(>07 

3(>43 

3650 

3655 

25516 

39012 
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■rKMlM-'.ltATURK  ItANC.RS  OP’  INSERT 
MATRRTAI.S 


Typo 

Common  Insert  Materials 

A 

Vitreous  Glass,  Alumina  Ceramic, 
Poly imido 

-55 

to 

250 

B 

Oiallyl  Phthalate,  Melamina, 
Fluorosilicone , Silicone  Rubber, 
PolysulCone,  Epoxy  Resin 

-55 

to 

200 

C 

Po 1 Y to  t r a f 1 uoroe  thy lene  (Teflon) 
Chlorotrif Ivioroethylene  (Kel-F) 

-55 

to 

125 

D 

Polyamide  (Nylon) , Polychloroprene 
(Neoprene) , Polyethylene 

-55 

to 

125 

* These  temperature  ranges  indicate  maximum  capability  of  the 
insert  material  alone . Connectors  using  these  materials 
generally  have  a redviced  temperature  range  caused  by  other 
considerations  of  connector  design.  See  applicable  connector 
specification  for  connector  operating  temperature  range. 
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TABLE  10.2-3.  MODEL  CONSTANTS 


Constants 

Insert  Material 
(see  tables  10.2-1  and  IG 

.2-2) 

A 

B 

C 

D 

A 

0.324 

6.9 

3.06 

12.3 

^0 

473 

423 

373 

358 

-1592 

-2073.6 

-1298 

-1528.8 

G 

-1 

-1 

-1 

-1 

P 

5.36 

4.66 

4.25 

4.72 

TABLE  10.2-4.  INSERT  TEMPERATURE  RISE  (®C)  VS. 

CONTACT  CURRENT  & CONTACT  SIZE 


CONTACT  SIZE 


AMPERES 

PER  CONTACT 

22  Ga. 

20  Ga. 

16  Ga. 

12  Ga. 

2 

3.7 

2.4 

1.0 

0.4 

3 

7.7 

5.0 

2.2 

0.8 

4 

13. 

8.5 

3.7 

1.4 

5 

20. 

13. 

5.5 

2.0 

6 

27. 

18. 

7.7 

2.8 

7 

36. 

24, 

10. 

3.7 

8 

46. 

30. 

13. 

4.8 

9 

58. 

37. 

16. 

5.9 

10 

70. 

45. 

20. 

7.2 

15 

95. 

41. 

15. 

20 

70. 

25. 

25 

105. 

33. 

30 

53. 

35 

71. 

40 

91. 

NOTE;  1;  AT  = .989(1)^*®^  for  22  gauge. 

at  = .64(1)  for  20  gauge. 

AT  = .274(1)^*®®  for  16  gauge. 

AT  = 0.1(1)  ^*®®  for  12  gauge. 

A T “ “C  Insert  temperature  rise. 
1 =“  amperes  per  contact 


10.2-5 


NOTE  2: 


The  operating  temperatvir©  of  the  connootor  is  usually 
assumed  to  be  the  sura  of  the  araoient  temperature  sur~ 
rounding  the  connector  plus  the  temperature  rise  gen~ 
orated  in  the  contact.  If  the  connector  is  mounted  on 
a suitable  heat  sink  (hot  or  cold  plate) , the  temperature 
of  this  sink  Is  usually  taken  as  the  ambient.  For  those 
circuit  design  conditions  which  generate  a contact  hot 
spot,  this  hot-spot  temperature  rise  is  added  to  the 
ambient  to  obtain  the  operating  temperature.) 

10.2.1,2  Adjustment  Factors 

10.2.1.2.1  Environmental  Adjustment  Factor, 

lip,  accounts  for  the  influence  of  environmental  factors  other 
than  temperature.  Refer  to  the  environment  description  in  the 
Appendix. 


10.2.1.2.2  Pin  Quantity  Adjustment  Factor,  n 


JP. 


lip  accounts  for  the  quantity  of  contacts.  For  coaxial  and 
triaxial  connectors,  etc,,  the  shield  contact  is  counted  as  an 
active  pin. 


n » e 
p 


( 5^)« 

' N ' 


where 


0 

= 10 

q » 0.51064 

N = Number  of  active  pins 


10.2.1.2.3  Cycling  Rate  Factor,  X 


eye 


^cyc  the  model  for  cycling  rates.  The  term  is 

ignored  for  connectors  experiencing  cycling  rates  < 40  cycles/ 
1000  hr. 

The  values  for  are  derived  from  the  following  equation: 


eye 


® .001  e 


(f/100) 


where  f is  the  cycling  rate  in  cycles/1000  hrs. 


10.2.2  Connections 

The  MIL-HDBK-217B  failure  rate  predictions  for  solder,  crimp, 
weld  and  wire  wrap  connections  are  presented  in  Figure  10.2-2. 
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FIGURE  10.2-2.  CONNECTIONS  OPERATIONAL 

FAILURE  RATE  PREDICTIONS 


Connections 

“1 

(10  Vhr.) 

Solder,  reflow  lap  to  P.C. 
boards 

0.00012 

Solder,  wave  to  P.C.  boards 

0.00044 

Other  hand  solder  connections 
(e.g.,  wire  to  terminal  board) 

0.0044 

Crimp 

0.0073 

Weld 

0.002 

Wirewrap 

0.0000037 
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10.3  Operational/Non-Operational  Failure  Rate  Comparisons 


Using  the  model  in  Section  10.2,  the  operational  failure 
rate  is  estimated  at  .09  failures  per  million  hours  under  the 
following  assumptions. 

a)  Configuration  and  insert  material -printed  wiring  board 

b)  Operating  temperature  - 30 ®C 

c)  Number  of  pins  r-  20 

d)  Operating  environment  - ground  fixed 

e)  Cycles  - less  than  40  cycles  per  1000  hours. 

The  non-operating  failure  rate  for  pin  connectors  in 
Section  10.1  was  .012  fit.  The  operational  to  non-operation^l 
failure  rate  ratio  is  7500. 


11.0  Printed  Wiring  Boards 

11.1  Storage  Reliability  Analysis 

Failure  Mechanisms 

Printed  circuits  have  a dominant  failure  mechanism  which 
imposes  a definite  limitation  on  life.  It  is  caused  by  the 
difference  in  the  thermal  coefficient  of  expansion  of  the 
substrate  and  the  plated  copper.  The  copper  yields  to  accomo- 
date temperature  changes,  but  eventually  a fatigue  failure 
causes  an  open  circuit,  usually  in  one  of  the  plated  thru  holes. 
Use  of  very  pure  copper  and  control  of  the  cross  section  help 
to  extend  the  life. 

Research  results  show  that  over  200  cycles  from  -65®  to 
110®C  are  obtainable,  50  cycles  on  a test  coupon  of  80  or  more 
holes  is  recommended  as  a screening  test. 

11.1.2  Non-Operational  Failure  Rate 

Non-operational  failure  rate  of  printed  wiring  boards  ie 
estimated  at  .67  failures  per  billion  hours. 

11.1.3  Non-Operational  Data 

Non-operational  data  collected  consisted  of  approximately 
3 billion  hours  with  two  failures  reported  (Table  11.1-1). 

TABLE  11.1-1 

NON-OPERATING  DATA  IN  PRINTED  WIRING  BOARDS 


SOURCE 

NO.  OF 
DEVICES 

STORAGE  HRS. 

X 106 

FAILURES 

STORAGE  FAILURE 
RATE  IN  FITS 

Missile  D 

5565 

67.759 

1 

1.48 

Missile  F 

1200 

26.280 

1 

3.81 

Missile  G 

156 

4.473 

0 

<223.6 

Missile  H 

161721 

2569.2 

0 

<.389 

Missile  I 

31050 

308.85 

0 

<3.24 

TOTALS 

2976.562 

2 

0.67 

(1.79  fits  - 90% 
one-sided  confi- 
dence level) 
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Missile  D data  consists  of  159  n\issiles  stored  for  periods 
from  one  month  up  to  G2  months  for  an  average  storage  period  of 
17  months.  The  missile  storage  was  environmentally  controlled 
and  periodic  checkouts  were  performed.  The  data  includes 
approximately  68  million  printed  wiring  board  storage  hours  with 
one  failure  reported.  The  failure  mode  was  listed  as  open. 

Missile  F data  consists  of  120  missiles,  60  of  which  wore 
stored  for  one  year  and  60  for  two  years.  The  missiles  in 
storage  containers  experienced  the  following  environments: 

30  missiles  stored  outside  in  the  Arctic  on  wooden  racks  with 
canvas  covers;  30  missiles  stored  outside  in  the  southeast 
desert  under  open  sided  metal  roof  sheds;  30  missiles  stored 
outside  in  the  canal  zone  under  open  sided  metal  roof  sheds; 
and  30  missiles  stored  in  the  southeast  U.  S.  in  bunkers.  The 
data  includes  four  and  a half  million  printed  wiring  board 
storage  hours  with  one  failure  reported.  The  failure  was  re- 
corded in  the  missiles  stored  in  the  Arctic  with  the  failure 
mode  listed  as  salt  contamination. 

Missile  G data  consists  of  39  missiles  stored  for  periods 
from  28  months  to  56  months  for  an  average  storage  period  of 
39  months.  The  missiles  in  storage  containers  experienced  the 
following  environments;  12  missiles  stored  outside  in  the  south- 
east desert;  12  missiles  stored  outside  in  the  northeast  U,  S.; 

12  missiles  stored  on  the  Gulf  Coast;  and  23  missiles  stored  in 
bunkers  in  the  southeast  U.  S.  The  data  includes  four  and  a half 
million  printed  wiring  board  storage  hours  with  no  failures. 

Missile  H data  represents  field  data  from  a recent  army 
missile  program  fielded  in  the  1970 's.  The  major  item  in  which 
the  devices  were  assembled  was  subjected  to  operating  times  at 
high  and  low  temperatures,  shock  and  vibration.  The  missiles 
were  transported  overseas  and  stored  for  various  lengths  of  time. 
No  teats  wore  run  until  the  missiles  were  removed  from  storage 
and  returned  to  the  states.  Storage  durations  varied  from  6 
months  to  6 years  with  an  average  time  of  1.8  years.  Storage 
environments  included  cannister  time  in  a controlled  environment, 
cannister  time  subject  to  outside  elements  and  missile  time  on 
pallets  and  on  launchers.  A number  of  samples  were  also  run 
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through  road  tests  under  field  conditions.  The  data  includes 
two  and  a half  billion  printed  wiring  board  storage  hours  with 
one  failure  reported. 

Missile  1 data  consists  of  2.070  missiles  stored  for 
periods  from  1 month  to  40  months  for  an  average  storage 
period  of  14  months.  Approximately  80  percent  of  the  missiles 
were  stored  in  U.  S.  depots  while  the  remainder  were  stored  at 
various  bases  around  the  country.  The  data  includes  more  than 
300  million  printed  wiring  board  storage  hours  with  no  failures 
reported. 


11.1-3 


11 . 2 Printed  Wiring  Boards  Operational  Prediction  Model 

The  M1L-HDBK-217B  failure  rate  model  for  MIL-P-55110 
Printed  Wiring  Boards  and  MIL-P-55640  Multilayer  (Plated-Through- 
Hole)  Printed  Wiring  Boards  is 

Xp  = X 10"® 

where;  X^  = board  failure  rate 
P 

Xj^  = base  failure  rate 
N = number  of  plated-through  holes 
Ilg  = Environmental  Adjustment  Factor 

The  above  model  is  applicable  only  to  high  quality  boards  that  have 
received  screening  and  burn-in  and  that  use  G-10  or  equivalent 
epoxy  materials. 

Figure  11.2-1  gives  the  specific  values  for  the  model.  See 
the  Appendix  for  a description  of  the  environments. 
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Using  the  model  in  Section  11.2,  the  operational  failure 
rate  of  a multilayer  board  with  100  holes  in  a groimd  environ- 
ment is  100  failures  per  billioh  hours.  The  operational  to 
non-operational  failure  rate  ratio  is  149. 


11 . 4 Conclusions  and  Recommendations 

Fatigue  failure  due  to  thermal  cycling  is  the  dominant 
failure  mechanism.  A coupon  is  taken  from  the  printed  circuit 
board  to  use  in  verifying  the  quality  of  the  plated  thru  holes. 

Constant  temperature  storage  would  be  ideal.  Lacking  that, 
it  is  desirable  to  limit  both  the  frequency  and  amplitude  of  the 
temperature  excursions . 

Some  studies  on  matching  the  expansion  coefficients  have 
been  made. 

In  application  of  printed  circuit  boards,  cracking' of  solder 
joints  is  also  a problem.  The  problem  is  more  severe  if'encapsur^ 
lating  or  potting  are  used.  The  principle  design  process  for' alle 
viating  this  problem  is  stress  relief. 
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APPENDIX  A 


TEST  OF  SIGNIFICANCE  OF  DIFFERENCES  IN  FAILURE  RATES 
(MORE  THAN  TWO  POPULATIONS) 


The  storage  reliability  data  is  obtained  from  nximerous 
sources.  A detailed  qualitative  analysis  is  performed  on 
the  data  to  classify  devices,  environments,  uses,  quality  levels, 
failures  modes  & mechanisms,  and  so  on.  Once  the  data  sets  are 
grouped  according  to  these  analyses,  it  is  still  not  certain 
whether  grouped  sets  of  failure  data  are  in  truth  from  the  same 
statistical  population.  It  is  possible  that  the  failure  rate 
characteristics  of  identical  devices  from  the  same  manufacturers, 
with  the  same  application,  use  environment,  and  so  on,  are  not  from 
the  same  population  in  terms  of  reliability  — possibly  due  to 
some  problem  on  a production  line  for  a certain  lot  or  other 
factor. 

Therefore  a statistical  test  is  performed  to  determine  if 
the  different  data  sets  could  be  from  the  same  statistical  popu- 
lation. 

The  technique  used  is  for  more  than  two  data  sets  and  is 
taken  from  "Statistical  Methods  for  Research  Workers,"  R.  A. 

Fisher,  13th  edition,  Hufner,  1963,  pages  99-101. 

The  techniques  assumes  that  the  underlying  failure  dis- 
tributions each  have  the  same  constant  failure  rate  (A). 

Therefore,  the  probability  of  a number  of  failures  for  each 
population  can  be  represented  by  the  Poisson  distribution. 

A single  failure  rate  is  calculated  based  on  the  pooled 
data  sets  being  tested. 


N 

* = 5: 

i=l 

N 


i=l 


where 


A “ Mean  failure  rate  for  all  data  sets 
f^  s the  number  of  failures  in  data  set  i 

T^  » the  total  storage  hours  in  data  set  i 

n = the  number  of  daca  sets  being  tested 
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Tho  expected  number  of  failures  and  the  difference  between 
the  expected  number  of  failures  and  actual  failures  is  calculated 
for  each  data  set  based  on  the  pooled  data; 


- 1‘^i  - "'ll 


where 


” expected  number  of  failures  for  data  set: 

(based  on  tho  pooled  data  sets) 
d^  = absolute  value  of  tho  d5  fferencos  between  the 
expected  numlaor  of  failures  and  the  actual 
failures  for  data  set  i. 

Next,  lower  and  upper  limits  are  calculated  for  the  Poisson 
distribution: 


^i 

~ f M . d . ] 

1 1 

(if  U. 

set  U.  = f.  - 
1 1 

1) 

L. 

X 

< M - d > 

(if  L. 

1 

« fi. 

set  L.  =>  f.  ^ 
1 1 

1) 

(if  <0,  set  = 0) 


= upper  limit  for  data  sot  i 

lower  limit  for  data  set  i 

f 1 rounded  down  to  integer  value 
< > ta  rounded  up  to  integer  value 

The  probabii  ity  that  f^  failures  would  occur  in  data  set  i 
given  the  population  failure  rate  is  X,  is  expressed  by  the 
To  i s::on  cli  s t r i.bulion  : 


P. 

.1. 


.1  - 


I 


U . 
.\ 


A- 


'vn  “ • *nin 'i\iiviviiTvnTr«'?>i.'^.\'r'‘”r  '■■m-4  -ivmn,».-ii 


Tho  individual  probabilitiou , 1^,  aro  tho  nignificancu 
probabl.litioB  for  tho  individual  distributions.  It  itj  required 
to  tost  whether  tho  onsoinblo  of  taken  together  roproaenta  an 
improbable  configuration  under  the  null  hypothesis  which  is  that 
the  underlying  distributions  have  tho  same  constant  failure  rate 
(X) . 


The  tost  is  done  as  follows; 


C W 


2 in  P, 


n 

s; 

i«l 


Find  Cr  tor  « « .05  (5%  level  of  significance)  and  2n 
degrees  of  freedom  from  tho  tables  of  chi  square. 

If  C>Cr  reject  the  null  hypothesis  (that  all  of  the  popula- 
tions have  the  same  failure  rate.) 

If  the  null  hypothesis  is  not  rejected,  the  data  sets  can 
be  pooled  and  the  common  failure  rate  X used. 

If  the  null  hypothesis  is  rejected,  engineering  and  statis- 
tical analysis  is  required  to  remove  data  sets  from  the  pooled 
data  until  the  null  hypothesis  is  not  rejected. 


EXAMPLE  1 

DATA  SET 

^’i 

M. 

j. 

^^i 

^i 

^i 

^i 

^i 

1 

587.4 

19 

12.9 

6.1 

18 

7 

.0936 

4.74 

2 

144.1 

0 

3.2 

3.2 

3 

1 

.0849 

4.93 

3 

65.6 

1 

1.4 

.4 

2 

7 

1.000 

0 

4 

95.8 

1 

2.1 

1.1 

3 

2 

.5406 

1.23 

P 

.128, 

3 

2.8 

.2 

3 

3 

.1  .000 

0 

6 

281. 

15 

6.2 

0.8 

14 

0 

.0dl8 

12.60 

7 

78.6 

2 

1,7 

.3 

1 

1 

1.000 

0 

8 

__484^8 

0 

10.7 

10.7 

21 

1 

.0016 

12.93 

1865. 6 

41 

I C.  = 

36.43 

pooled 

- X = 21 

.98 

fits 

C = 36.43 

2n  degrees  of  freedom  - 16 


(from  chi-square  dist.  at  « = .05)  Cr  - 26.30 
Since  C>Cr  tho  null  hypothesis , that  all  of  the  popu- 

lations have  the  same  failure  rate,  is  rejected. 
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EXAMPLi;  : 
DAI' A SET 

1 

2 

3 

4 

5 

6 


Pooled 


X 

C 


19 
1 
1 
3 
15 
_2 

1236.4  41 

\ 

» 33.16  fits 


M. 


19.5 

2.2 

3.2 

4.2 

9.3 

2.6 


9.99 

2n  degrees  of  freedom  » 12 
Cr  = 21.03 


.5 

1.2 

2.2 

1.2 

5.7 

.6 


5 

14 

3 


4 

4 

3 


1.0 

.536 

.277 

.641 

.070 

1.02 


0 

1.2 

2.57 

.89 

5.33 

.0 

9.99 


C<Cr  - accept  null  hypothesis  — 

All  data  sets  have  the  same  failure  rate  (X  ° 33.16  fits). 
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At^Pb'NDIX  a 


GNVIRONNISNTAL  DESCRIPTION 


Environment 
Ground,  Benign 

Space,  Flight 

Ground,  Fixed 

Ground,  Nobile 
(and  Portable) 

Naval,  Sheltered 
Naval,  Unsheltered 
Airborne,  Inhabited 
Airborne,  Uninhabited 


Missile,  Launch 


Nominal  Environmental  Conditions 

Nearly  »ero  environmental  stress  with 
optimum  engineering  operation  and  main- 
tenanoe . 

Earth  orbital.  Approaches  ground, 
benign  conditions  without  access  for 
maintenance.  Vehicle  neither  under 
powered  flight  nor  in  atmospheric  re- 
entry . 

Conditions  less  than  ideal  to  incl^.ude 
installation  in  permanent  rac)<s  with 
adequate  cooling  air,  maintemnnoe  by 
military  personnel  and  possible  in- 
stallation in  unheated  buildings. 

Conditions  more  severe  than  those  for 
ground,  fixed,  mostly  for  vibration  and 
shock.  Cooling  air  supply  may  also  be 
more  limited,  and  maintonanoo  loss 
uniform. 

Surface  ship  conditions  similar  to 
ground,  fixed,  subject  to  occasional  high 
shock  and  vibration. 

Nominal  surface  shipborne  conditions  but 
with  repetitive  high  levels  of  shock  and 
vibration. 

Typical  cockpit  conditions  without  en- 
vironmental extremes  of  pressure,  tem- 
perature, shock  and  vibration. 

Bomb-bay,  tail,  or  wing  installations 
where  extreme  pressure,  temperature,  and 
vibration  cycling  may  bo  aggravated  by 
contamination  from  oil,  hydraulic  fluid, 
and  engine  exhaust.  Classes  I and  la 
equipment  of  MlL-E-5400  should  not  be  used 
in  this  environment. 

Severe  conditions  of  noise,  vibration,  and 
other  environments  related  to  missile 
launch,  and  space  vehicle  boost  into  orbit, 
vehicle  re-entry  and  landing  by  parachute. 
Conditions  may  also  apply  to  installation 
near  main  rocket  ungines  during  launch 
operations . 
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